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Welcome  to  the  International  Conference  on  Solar  Energy  Storage  and  Applied 

Photochemistry,  January  8-14, 1995,  Cairo,  Egypt. 

It  is  well  known  that  mastery  of  modern  science  and  technology  Is 

the  Duress  of  developed  countries.  Over  the  past  few  decades,  Egypt  has  become 

mor^volJed  in  the  promotion  of  basic  education  and  --esearch  m  ^dely 

mmmmm 

Egyptian  Government  has  recognized  the  signif^am  ®«® 

applications  and  environmental  Implications.  This  conference  is  the  first  m  j 
function  of  the  Photoenergy  Center, 

interest  and  development  of  photochemistry  in  recent  years. 
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ABSTRACTS 


The  Rapid  Deterioration  of  Anthracene  Laser  Dyes  in 
Chlorinated  Organic  Solvents. 

S.  A.  El-  Daly,  S.  A.  Azim.  H.  A.  El-  Daly,  Kh.  A.  Abou-  Zied 

and  E.  M.  Ebeid 

(Department  of  Chemistry,  Faculty  of  Science,  Tanta  University,  Tanta,  Egypt),  and 

J.  Heldt  and  J.  R.  Heldt 

(Institute  of  Experimental  Physics,  University,  PL- 80  -  952  Gdansk,  Poland.) 

The  photochemical  quantum  yields  ((pg ;  =  254  nm)  of  five  anthracene  laser  dyes 

(  I-  V  )  together  with  parent  anthracene  have  been  studied  in  different  organic  solvents 
e.g.  CCI4  ,  CHCI3  ,  CH2CI2  and  C2H5OH.  The  (pg  values  are  summarized  in  Table 
(1).  The  (pc  values  in  CCI4  are  several  orders  of  magnitude  higher  than  those  in 
ethanol  and  the  (pg  values  decrease  in  the  order : 

CCI4  >  CHCI3  ,  CH2CI2  ^  C2H5OH 

The  excited  state  lifetimes  (  x  )  of  these  dyes  in  the  some  of  these  solvents  have  been 
measured  in  the  presence  and  absence  of  molecular  oxygen  (  Table  1).  The  data 
illustrates  the  role  of  molecular  oxygen  in  fluorescence  quenching.  The  second- order 
quenching  rate  constants  of  the  quenching  process  have  also  been  determined. 


Table  ( 1 ) 


Compound 

'1>C 

Lifetime* 

CH 

Cl. 

c.n 

OH 

CCI^ 

CIICIj 

CH,CI 

C^F^OH 

T 

X 

T 

1 

0.0701 

0.0213 

0.0071 

0.0079 

8.049 

6.257 

8.907 

5.929 

11 

0.1672 

0.0273 

0.0088 

0.0082 

8.507 

6.235 

8.279 

5.979 

111 

0.1 5g4 

0.0266 

0.0090 

0.0072 

8.450 

6.506 

9.160 

6.389 

IV 

0.1005 

0.0296 

0.0081 

0.0068 

8.802 

6.759 

9.450 

6.357 

V 

0.0796 

0.0196 

0.0044 

0.0038 

10.157 

7.430 

11.33 

7.420 

Tq  and  T  are  the  fluorescence  lifetimes  (  =365  nm )  in  the  presence  and  in 


the  absence  of  O2. 
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PHOTOLYSIS  OF  POLY  AROMATIC  ETHERS  AND  THIOETHERS  WITH 
PENDANT  C YCLOPENTADIENYLIRON  MOIETIES 

Alaa  S.  Abd-El-Aziz*,  Christine  R.  de  Denus,  and  Karen  M.  Epp 
Department  of  Chemistry,  University  of  Winnipeg,  Winnipeg, 

^  Manitoba,  Canada,  R3B  2E9 

Polyaromatic  ethers  and  thioetliers  arc  undoubtedly  important  classes  in  the  field  of 
polymer  chemistry  due  to  their  interesting  electrical,  mechanical,  and  thermal  properties. 
Traditional  routes  to  the  synthesis  of  these  systems  suffer  from  various  limitations  such  as  harsh 
conditions,  introducing  certain  functionalities,  and  low  reaction  yields.  In  the  past  few  years  we 
have  developed  a  versatile  and  efficient  route  to  the  preparation  of  these  compounds.  This 
involves  the  activation  of  a  chloroarene  with  a  cyclopentadienyliron  moiety  toward  nucleophilic 
aromatic  substitution  leading  to  the  formation  of  the  title  compounds.  In  this  study  we  have  used 
photolysis  as  a  means  to  cleave  these  polyaromatic  systems  from  their  pendant 
cyclopentadienyliron  moiety.  Solutions  of  these  complexes  were  subjected  to  intense  visible  light 
radiation  for  a  period  of  4  hours  leading  to  the  liberation  of  the  free  polyaromatic  ethers  and 
thioethers.  Detailed  experimental  conditions  and  solvent  studies  will  be  presented. 
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PHOTOCHEMICAL  REACTION  OF  4-NITROBENZYLIDENE 
MALONONITRILES  WITH  HYDROGEN  DONORS 

F.M.ABD  EL-LATIF*,  M.A.BARSY,  M.E.HASSAN,  E.ABD  EL-RADI  and 

M.A.EL-MAGHRABY 

DEPARTMENT  OF  CHEMISTRY,  FACULTY  OF  SCIENCE,  ASSUIT 
UNIVERSITY  (ASWAN  BRANCH),  ASWAN,  EGYPT 

Upon  solar  and/or  ultraviolet  irradiation,  4*nitrobenzylidene  malononitrile 
derivatives  reacted  with  triethylamine  and/or  isopropanol  in  benzene  to  give 
substitution  and/or  reduction  products.  Spectral  analysis  showed  that  one  of 
the  cyano  group  replaced  by  amine  or  isopropyl  group.  The  hydroxylamine  as 
well  as  the  azo  derivatives,  as  reduction  product  were  isolated  in  the  lower 
yield. 


3 


Homogeneous  Photoinitiated  Graft  Copolymerization  of  4- 
Vinyl  Pyridine  onto  Ethyl  Cellulose 

E.  M.  Afodel-Bary^  E.  A.  Abdel-  Raak^  A.  A.  Sarhan  and  N.  M.  Abdel-Salam 
Chemisti7  Department,  Faculty  of  Science,  Mansoura  University,  Mansoura, 

Egypt- 


Homogeneous  photoinduced  graft  copolymerization  of  4-vinyl  pyridine  (4- 
VP)  onto  ethyl  cellulose  (EC)  in  the  presence  of  different  photosensitizers 
such  as  1-acetonaphthone  (1-AN),  2-acetonaphthone  (2-AN)  and  biacetal 
(Bi)  was  carried  out.  The  effects  of  different  parameters  such  as  type  of 
photosensitizer,  irradiation  time,  concentrations  of  monomer,  substrate  and 
initiator  on  the  grafting  parameters  were  investigated.  The  IR  spectrum  of. 
EC-g-4-VP  graft  copolymer  shows  the  appearance  of  new  peaks  between 
1600-1690  cm'l  indicating  the  presence  of  pQly-4-vinyl  pyridine  grafted 
chains.  The  rate  of  graft  copolymerization  of  4-vinyl  pyridine  onto  EC  in 
presence  of  1-AN,  2-AN  and  Bi  was  found  to  be  0.098  %/min., 
0.088%/min.  and  0.042%/min.  respectively  .  A  good  correlation  was 
observed  between  the  change  of  absorbance  at  belongs 

to  pyridine  rings  in  EC-g-4VP  graft  copolymer  and  the  graft  percentage 
value.  A  suitable  mechanism  for  photoinduced  grafting  is  suggested. 


Charge  Transfer  Interactions  and  Efficiencies  of  Sensitized  Singlet 
Oxygen  Production  from  Substituted  Biphenyls 

A  A  Abdel-Shafi  and  F  Wilkinson 

Department  of  Chemistry,  Loughborough  University  of  Technology 
Loughborough,  Leicestershire,  LEI  1  3TU,  UK 


Triplet  states  of  biphenyl  derivatives  were  produced  by  energy  transfer  with  unit  efficiency  in  the 
solvent  acetonitrile.  The  bimolecular  rate  constants  for  oxygen  quenching  of  these  triplet  states  (koj). 
the  proportion  of  triplet  states  quenched  by  oxygen  in  air  equilibrated  solutions  (p!^^)  and  the 
fractional  fonnation  efficiencies  of  singlet  oxygen  produced  for  those  triplet  states  which  are 
quenched  by  oxygen  (f^),  are  reported  for  a  range  of  biphenyl  derivatives. 

It  has  been  observed  that  there  is  an  inverse  coirelation  between  kA  and  f*  and  a  direct  dependence 
of  ko2  on  the  half-wave  oxidation  potentials  of  the  biphenyl  derivatives.  These  investigations 
establish  the  involvement  of  charge  transfer  interactions  during  oxygen  quenching  of  these  triplet 
states  [cf.  refs  1-3].  The  reported  values  forkj^  extend  from  1.26  x  10^®  to  8.8  x  10®  s'^ 

which  cover  a  wide  range  of  the  tlieoretically  expected  values  (max.  1.64  x  10^®  M'l  s*l 
conesponding  to  4/9  of  the  diffusion  controlled  rate).  f]|  values  extend  from  0.32  to  0.85. 

References 

1 .  D  J  McOarvey,  P  0  Szekercs  and  F  Wilkinson,  Chem.  Phys.  Lett.  199  (1992)  314. 

2.  F  Wilkinson,  D  J  McOarvey  and  A  F  Olea,  J.  Am  Chem,  Soc.  115  (1993)  12144. 

3 .  F  Wilkinson,  D  J  McOarvey  and  A  F  01ea,7.  Phys.  Chem.  98  (1994)  3762. 
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Sfnglet-Slnglet  Energy  Transfer  Between  Coumarin4-water  Exciplex  and  Coumarin314 
in  Aqueous  and  Micellar  Media 

AAAbdel-Shafi  and  M.S.A.Abdel-Mottaleb 

Photoenergy  Centre, Faculty  of  Science  ,Ain  Shams  University, 

Abbassia  ,Cairo,Egypt. 

Singiet-singlet  energy  transfer  from  7-hydroxy,4-methyicoumarin-water  exciplex  (as  a  donor) 
to  coumarin314(as  an  acceptor)is  reported  in  aqueous  and  micellar  solutions  (in  both  cationic 
CTAB  and  anionic  SDS  surfactants). 

The  photophysics  and  excited  state  dynamics  of  the  exciplex  have  been  reported  previously(l). 
In  this  contribution  Stern-Volmer  quenching  constants  ,energy  transfer  distances, and  energy 
transfer  effeciencies  in  the  different  media  are  reported. 

The  preliminary  investigations  point  to  the  involvement  of  long  range  dipole  -dipole  energy 
transfer  pathway. 


References 

1) M.S.A.Abdel-Mottaleb,B.A.EI-Sayed,M.M.Abo-Aly,and  M.Y.EI-Kady 

J.P/jofoc/?em.P/JO/ob/o/.,A.C/?em.,46(1989)379. 

2) S.E.Morsi  and  M.S.A.Abdel-Mottaleb,//icf/an  Academy  of  Siences  Proceedings, 
104(1992)01. 

3) F  .S.Abdel-Hamed,M.S.A.Abdel-Mottaleb,and  A.A.Abdel-Shafi,Specfroc/i;m/ca  Acta, 
in  press. 


ON  THE  PHOTOGENERATION  OF  PYR IDYLCARBENES 


Aboel-Magd  A ,  Abdel-Wahab  r  Mohamed  T.  Ismail,  Omiina  S.  Mohamed 
Department  of  Chemistry,  Faculty  of  Science,  Assiut  University 

As s iu t , Egypt . 

and 

Heinz  Durr 

F’.B.11.2,Org.  Chieraie,  Universitat  des  SaarlandGS,D-6600“Saarbrucken, 

Germany. 


The  chemistry  of  diazafluorenylidene  isomers  varies  distinctly 
from  those  of  f luoreny 1 idene  or  diary Icarbene s . 

Continuation  to  these  studies  and  related  to  the  question  of 
singlet“tr iple t  equilibration  of  carbene s , attempts  were  directed 
in  this  work  for  the  synthesis  of  noncondensed-heteroary Icarbene s . 

Synthesis  of  pyr idy Icarbene s  ,  for  example, was  attempted  starting 
with  the  corresponding  ketone  via  hydrazone  for mat ion , oxidation  with 
metal  oxides  and  photolysis  of  the  oxidation  product. 


The  products  were  separated  and  rigidly  identified  using 

113 

elemental  analysis,  IR,  H  NMR ,  C  MMR  as  well  as  MS. 


References : 

1-  Y.Z.Li  and  G.B. Schuster 

J.Org.Chem.,  ^,3  975  (  1987). 

2-  O . S . Mohamed , H . Durr , M . T . I  small  and  A , A . Abde 1 -Wahab 

Tet.Lett.  ,30(15)  193  5  (1989)  , 

3“  C.  Mayor  and  C.VJentrup, 

J.Am.Chem.Soc.  ,  9  7 ,7467  (1975)  . 

4“  A . A . Abde 1 -Wahab ,  M.T. Ismail,  O.S. Mohamed  and  H.Durr 
Chem.Ber. 1994 , submitted. 
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Environmental  Degradation  of  Pesticides 
under  the  influence  of  light 


Wafaa  M.  Abdou,*  H.  Wamhoff,  M.  R.  Mahran  and  M.  M.  Sidky 

National  Research  Centre,  Laboratory  of  Pesticide  Chemistry,  Cairo^  A.R.  Egypt  and; 
Institut  flir  Organische  Chemie  und  Biocheraie  der  UniversItSt  Bonn,  5300  Bonn,  FRG 


Photodegradation  of  pesticides  in  the  environment  occurs  in  the  atmosphere,  in  surface 
waters  and  on  various  solid  surfaces  such  as  soil  and  plants.  An  assessment  of  the 
importance  of  pholodcgradation  on  soil  is  difficult  because  it  much  depends  on  the 
nature  of  the  compartiment,  the  climatic  donditions  and  the  physicochemical  properties 
of  the  compound  under  consideration. 

As  many  investigations  have  revealed,  visible  and  UV-light  is  responsible  for  the 
chemical  alteration,  rearrangements,  destrucluction  and  decay  of  numerous  organic 
compounds  and  also  heterocyclic  molecules. 

/ 

The  present  investigation  deals  with  photodegradation  studies  on  biological 
active,  industrially  produced  and  worldwide  applied  heterocyclic  principles  of  the 
classes  of  herbicides,  insecticides,  pesticides  as  well  as  fungicides.  In  detail,  the 
following  model  compounds  have  been  irradiated  in  organic  solvents. 

Perhalogenimidazoles  1 

Coumaphos,  Coroxon,  Potazan  2 

Azinphos-Ethyl-(Gusathion)  3 

In  most  cases,  a  rapid  photodegradation,  and  as  a  consequence,  a  rapid  decrease  of 
the  biological  activities  have  been  found.  Effect  of  singlet  oxygen  on  the  degradation 
rate  has  also  been  studied.  The  photolysis  schemes  are  discussed  in  details. 


X 

X 


R 


1 


X  =  Cl,Br 
R=H,Alk 


S 

CH2-S-PlOEt)2 

3 
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Analytical  Determination  of  Iron  (III):  Fluorescence  Quenching 

Technique 

M.  M  ABO-ALY.  L.  F.  ISMAIEL,  A.  A.  SHALABY,  M.  S.  ANTONIOUS 
AND  M.  S.  A.  ABDEL-MOTTALEB* 

DEPARTMENT  OF  CHEMISTRY  AND  PHOTOENERGY  CENTRE*,  FACULTY  OF 
SCIENCE,  AIN  SHAMS  UNIVERSITY 
ABBASSIA,  CAIRO,  EGYPT 

In  continuation  to  our  studies  on  the  quenching  of  dye  iasers  by  inorganic 
species  using  spectrofluorometric  technique  [1],  we  report  here  on  the 
fluoresence  quenching  of  fluorene  and  its  aza  derivative  by  some  transition 
metal  ions  in  ethanol. 

Stern-Volmer  rate  constants  and  the  activation  energies  were  caiculated  for 
the  quenching  process.  The  resuits  obtained  clearly  indicate  that  the  electron 
transfer  mechanism  is  the  major  deactivation  pathway  and  the  Ksv  value 
decreases  in  the  order: 

Fe(lli)>  Cu(li)  >  Cr(lli)  >  Ni(il)  >  Co(ll). 

The  data  obtained  show  that  these  fluorescent  probes  are  of  potential  value 
in  the  analytical  determination  of  trace  amounts  of  iron  (III)  in  presence  of  the 
other  cations . 
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Synthesis  of  some  Potential  Photo-therapeutic  and  Singlet  Oxygen 
Sensitizers  t  Hematoporphyrin  -  Coumarins  (  HPD-C  )  and  Hemato- 
porphyrin  -  Purocoumarins  (  HPD-PC  ) . 

M,  M,  Ahou-Elzahah,  M,  El -Par,  M.  Abdel-Mogib  and  M,  Eltantav/y 

Department  of  Chemistry  and  Biochemistry,  Paculty  of  Science, 
Mansoura  University,  Mansoura,  A.  R.  Egypt. 

Hematoporphyrin  derivative  (  HPD  )  was  reacted  with  1,2- 
dlchl or oe thane,  the  product  was  treated  with  coumarins  or  some 
natural  furocoumarins  to  give  new  series  of  hematoporphyrin  — 
coumarins  (  HPD-C  )  and, hematoporphyrin  -  furocoumarins  (  HPD- 
PC  )  as  new  singlet  oxygen  and  potential  photo-therapeutic 
sensitizers . 

The  previour  photooxygenation  studies  of  imperatorin  using 
tetraphenylporphyrin  (  TPP  )  as  singlet  oxygen  sensitizer  gave 
two  imperatorin  -  hydroperoxide  derivatives^. 

The  above  reaction  was  repeated  using  the  new  series  of 
HPD-C  or  HPD-PC  derivatives  instead  of  TPP  to  give  the  same 
previous  products- in  different  yields. 

Reference  : 

1-  M.  M,  Abou-Elzahab,  W.  Adam  and  C.  R.  Saha-M011er,  Liebigs  A 
Ann.  Chem.,  967  (1991). 
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Photochemical  Reactions  of  Dlhenzalacetone 

£•  Elg^ndy,  M.  Hammouda,  M.  M.  Ahou-Elzahab  and  U.  A.  Metally 

Department  of  Chemistry  and  Biochemistry,  Faculty  of  Science, 
Mansoura  University,  Mansoura,  A,  R,  Egypt. 

The  photolrradlatlon  of  dlhenzalacetone  (1)  Iti  benzene 
and  Isopropanol  gave  head-to-head  dimer  (^)^»  Whereas,  the 
irradiation  in  the  solid  state  afforded  head-to-tail  syn  dimer 
(i)^. 

In  view  of  the  previously  reported  cases,  it  seems  of 
Interest  to  study  the  behaviour  of  solvents  towards  the  photo- 
irradiation  of  1  in  benzene,  1,4-dlozane,  methanol  or  ethanol 
for  fourty  hours  gave  head-to-head  anti  dimer  (£),  whereas,  in 
apetlc  acid,  the  irradiation  of  1  afforded  the  dimer  £  euxd  the 
dimer  4. 

*  CO.CHoCH.Ph 


References  t  (2)  ^  (£)  ^ 

1-  G.  Y/.  Recktenwald,  J.  R.  Pitts  and  R.  L.  Letslnger,  J.  Am. 
Chem.  Soc.,  2^,  3028  (1953). 
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THE  ROLE  OF  INORGANIC  COMPLEXES  IN  ENERGY  CONVERSION 


L.F.M.  Ismail,  M.M.  El-Fass,  S.A.M.  Abo-Farha 
and  M . S . A .  Abde 1 -Mot ta leb* 


Department  of  Chemistry,  Faculty  of  Science, 
Al-Azhar  University,  Nasr  City,  Cairo,  Egypt, 


E-’hotoenergy  Centre,  Faculty  of  Science,  Ain-Shams 
University,  Abbas sia,  Cairo,  Egypt. 


Fluoresence  quenching  of  the  laser  dyes  coumarin  314 
and  337  v/as  studied  by  iron  (III)  1,  10-phenanthroline 
(phen)  and  2,  2 ’ -bipyridyl  (bipy)  complexes  in  homogeneous 
aqueous  solutions  as  well  as  in  heterogenous  solutions  of 
cationic  surfactant  cetyl  trimethylammonium  bromide  (CTAB'") 
and  L’nionic  surfactant  sodium  dodecyl  sulphate  (SDS)  at 
different  temperatures.  The  Stern-Volmer  constant  the 

critical  concentration  (C„),  the  critical  radius  (R„)  values 
and  thermodynamic  parameters  OG,  oH  and  oS  were  evaluated. 
The  calculated  values  in  CTAB^  are  smaller  than  in  water. 
This  lowering  in  the  quenching  efficiency  is  due  to  the 
repulsive  coloumbic  interactions  between  high  positively 
charged  quencher  [Fe  (phen)]”  or  [Fe  (bipy)J*+  in  the 
vicinity  of  the  positively  charged  micelle,  whereas, 
values  in  SDS'  are  larger  than  in  water.  The  obtained 
results  suggest  that  the  long-range  energy  transfer 
quenching  mechanism  is  operative  with  R°  value  >  100  A° . 


1 2 


Energy  Transfer  from  2,  5-DistyryI  Pyrazine  (DSP)  and  2,  5-  Bis  2(2- 
Naphthyl)  Vinyl  Pyrazine  (B2NVP)  to  R6G. 

S.A.  El-  Daly,  S.  A.  Azim,  H.  A.  El-  Daly  and  Kh.  A.  Abou-Zied. 

Department  of  Chemistry,  Faculty  of  Science,  Tanta  Univ.  Tanta,  Egypt. 

Energy  transfer  between  the  titled  compounds  has  been  studied  using  steady-  state 
emission  studies  in  two  solvents  of  different  viscosities  namely  isopropanol  and 
ethylene  glycol.  The  critical  transfer  distances  (Rq)  together  with  second  order 
quenching  rate  constants  based  on  corrected  emission  spectra  have  been  measured. 
The  values  are  summarized  in  table  (1).  The  underlying  mechanism  of  energy  transfer 

is  that  of  Forster  type. 


Table  (1) 


System 

Isopropanol 

Ethylene  glycol 

Ro(A“) 

_ _ 

kq  dm^mol'^s"! 

Ro  (A") 

kq  dm^mol'ls'l 

DSP/R6G 

125.4 

1.61  X  10l3 

137.4 

1.28  X  10l4 

B2NVP/R6G 

183.0 

2.72X  10l3 

178.8 

8.53X1013 
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STRUCTURES  AND  LASER  INDUCED  S2-S0  FLUORESCENCE  SPECTRA  OF 
VAN  DER  WAALS  COMPLEXES  OF  AZUIENE  AND  RELATED  COMPOUNDS 

IN  A  SUPERSONIC  JET 

Osama  K.  Abou-Zied,  Heinaiit  K.  Sinha,  and  Ronald  P.  Steer 
Department  of  Chemistry,  University  of  Saskatchewan,  Saskatoon,  Saskatchewan, 

Canada  S7N  OWO 

The  van  der  Waals  complexes  of  azulene  (AZ),  2-methylazulene  (2-MAZ)  and  1,3- 
diinethyiazulene  (1,3-DMAZ)  with  the  rare  gases  and  the  Cj  to  Cjq  normal  alkanes  and 
perfluoro-n-alkanes  have  been  synthesized  in  a  supersonic  jet  and  investigated  by  laser- 
induced  S2-S0  fluorescence  spectroscopy;  The  spectra  of  the  rare  gas  complexes  are 
consistent  with  shifts  of  the  equilibrium  positions  of  the  adatoms  along  the  long  axes  of 
the  substrates  on  excitation,  i.e.  in  the  direction  of  the  S2-S0  transition  moment.  The 
Ktaicturcs,  binding  energies  and  vibrational  frequencies  of  the  ground  state  species  have 
been  calculated  using  the  paimise  summation  of  atom-atom  Lennard-Jones  6-12 
potentials.  The  microscopic  solvent  shills,  Av,  of  the  series  of  1 : 1  complexes  with  normal 
alkanes  ai  e  larger  than  those  of  the  corresponding  perfluoro-n-alkanes,  despite  the  larger 
molecular  polarizability  of  the  latter.  The  values  of  Av  increase  monotonically  with  carbon 
number  of  the  adduct  to  C5  in  1:1  n-alkane  complexes  with  AZ  and  1,3-DMAZ  and  to  C7 
in  1 :  V  complexes  with  2-MAZ.  However,  AV  exhibits  no  further  significant  change  beyond 
C3  in  1 ;  1  pcrfluoro-  n-alkane  complexes.  The  results  are  interpreted  in  terms  of  a  model  in 
wliich  the  n-alkanes  stretch  out  along  the  long  axis  of  the  chromophore  and  "wet"  its 
surface  whereas  the  perfluoro-n-alkanes  bend  away  from  the  surface  of  the  chromophore 
and  tend  to  be  "non-wetting", 


CHARGE  RECOMBINATION  KINETICS  OF  PHOTOSYNTHETIC 
REACTION  CENTERS  IN  PHOSPHOLIPID  ORGANIZED 
SYSTEMS. 

A.  Ago8tiano*.L.  Catucci*,  M.  Della  Monica*,  A.  Mallard!*, 
G.  Palazzo*  and  G.  Venturoll^ 

*  Dipartirnento  di  Chitiiica,  University  di  Bari,  Italy 

S  Dipartirnento  di  Biologia,  University  di  Bologna,  Italy 

Photosynthetic  reaction  centers  from  Rhodobacter  sphaeroides, 
strain  R-26,  have  been  incorporated  in  phospholipid  liposomes 
than  extracted  in  hexane  as  lecithin  reverse  micelles  The  micelles 
solution  containing  the  reaction  centers  has  been  transformed  in 
viscoelastic  gel  by  addition  of  a  large  concentration  of  lecithin  and 
of  a  critical  amount  of  water  were  Wq  indicate  the  molar 

ratio  between  water  and  phospholipids). 

The  photochemical  activity  of  the  protein  was  retained  in  all  the 
system  examined.. 

The  kinetics  of  charge  recombination  between  the  primary  photo- 
oxidized  electron  donor  (P"^)  of  the  reaction  center  and  the 
primary  (Oa")  ^^nd  secondary  (Ob”)  quinone  acceptors  were 
investigated  by  time-resolved  absorption  spectroscopy. 

The  charge  recombination  kinetics  resulted  to  be  strongly 
dependent  by  the  organization  of  the  lipidic  system  employed.  On 
the  other  side  the  analysis  of  flash-generated  P+  decay 
demonstrated  that  in  all  the  systems  the  kinetic  of  P+  re¬ 
reduction  can  never  fit  to  an  exponential  decay  and  the  light- 
induced  charge  separation  involved  always  the  Os-site.  In  the 
hexane  solutions  the  recombination  kinetic  of  the  charge 
separated  state  P+Ob'  found  to  be,  strongly,  dependent  from 
the  concentration  of  the  dissolved  quinone  . 
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As  shown  in  Fig.l  the  increasing  of  the  quinone  concentration 
results  in  the  increasing  of  the  observed  overall  half-time  of  the 
charge  separated  state. 

In  addition  in  the  gel  the  slow  component  of  the  kinetic 
(attributed  to  the  recombination  from  P'^Ob")  was  found  to  be 
strongly  affected  by  the  viscosity  of  the  system. 

To  account  for  the  multiphasic  kinetics  observed,  multiple 
conformational  states  of  the  reaction  center,  local  heterogeneity  of 
the  iipidic  systems,  and  the  exchange  interaction  of  the  excess 
quinone  with  the  Ob  binding  site  have  been  considered.. 
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The  Effect  of  Sunlight  on  Some  Effervescent  Beverages 
in  the  Egyptian  Market 

by 

El-Zeky  M.  Ebeid,  El  -  Sadat  I.  Abtned  and  Mohamed  Y.El-Sheikh  . 

(  Department  of  Chemistry,  Faculty  of  Science,  Tanta  Univ.  Tanta,  Egypt) . 

Effert'escent  beverages  are  usually  produced  in  Egypt  according  to  highest 
universal  standards.  Some  of  these  beverages,  however,  are  exposed  to  sunlight  during 
me  marketing  process.  Many  sellers -particularly  in  rural  areas.keep  these  products 

exposed  to  simlight  for  long  periods.  This  problem  prevails  in  many  third-world 
countries. 

In  the  present  study  we  investigate  the  effect  of  sunlight  on  some  of  these  products  . 

The  colouring  dyes  in  the  studied  products  were  identified  as  sunset  yellow  El  10 
and  cannoisine.  The  colouring  dye  taitrazine  has  also  been  studied  for  comparison. 
The  photostability  of  these  colouring  dyes  was  studied  in  persence  of  food  acids  e.g. 
ascorbic  and  citiic  acids.  The  major  photochemical  products  are  generally  identified  as 
the  conesponding  amines  .  the  photochemical  quantum  yields  ((|)^)  of  these  processes 

have  been  measuied  .The  transmittance  of  ordinary  containers  to  sunlight  has  been 
studied  using  chemical  actinometry  . 


Ihe  thermal  stability  of  these  colouring  dyes  in  the  presence  of  the  above- 
mentioned  food  acids  has  also  been  studied  to  compare  with  photostability  and  to 
allow  for  the  green-house  effect  experienced  by  plastic  and  glass  containers  . 


FREE  VOLUME  SENSING  FLUORESCENCE  "TICT"  PROBES  FOR 
CYCLODEXTRINS  INTERIOR 

K.  A.  AL-HASSAN 

DEPARTMEMT  OF  CHEMISTRY,  YAItMOUK UNIVERSITY 
IRBID,  JORDAN 
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The  Influence  of  Methoxy  and  Cyano  Substituents  on  the 
Photocycloaddition  of  Ethenes  to  Naphthalenes 


Nader  A.  Al-Jalal 

Chemistry  Dept.,  Kuwait  University 
P.O.  Box  5969,  13060  Safat 
Kuwait 


The  photocycloaddidon  of  4-methoxy-l-naphthonitrile  and  6-methoxy-2- 
naphthonitrile  with  a  number  of  ethenes  have  been  investigated.  TTie 
reacUons  produced  [2+2]  cycloaddition  products  in  all  systems.  However, 
the  regiochenustry  of  additions  were  totally  different.  4-Methoxy-l- 
naphthonitrile  gave  cyclobutane  adducts  with  ethenes  in  which  the 
ndchtion  has  taken  place  across  tile  1,2-bond  of  the  naphthalene,  whereas 
6-methoxy.2-naphthonitrile  gave  cyclobutane  adducts  with  ethenes  in 
which  the  addiUon  has  taken  place  across  the  5,6.bond  of  the  naphthalene 

A  possible  explanation  relating  the  influence  of  the  substituent  versus  its 
position  in  the  ring  is  reported. 


OCH, 


+  Ethenes  — >  The  [2+2]  cycloaddition, 
always  occur  at  the  1,2-bond. 


+  Ethenes  — >  The  [2+2]  cycloaddition, 
always  occur  at  the  5,6-bond. 


PHOrOEXCITATION  OF  TRANSITION  METAL  COMPLEXES  IN 

ORGANIC  SUBSTRATES 

S.  I.  ALl 

DEPARTMENT  OF  CHEMISTRY,  JAMIA  MILLIA ISLAMIA 
JAMIA  NAGAR,  NEW  DELHr-110025 
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Peculiar  Spin  Polarization  in  the  Photolysis  of 
Several  Ni-  and  Pt-complexes 
S«_S-  Ali*>  K.  Maeda,  T.  Azumi 
Faculty  of  Science,  Tohoku  University,  Sendai  980,  Japan 
M.  Kajitani,  T.  Akiyama,  and  A.  Sugimori 
Faculty  of  Engineering  Science,  Sophia  University,  Japan. 

The  photolysis  of  complexes  (i)  in  scheme  1  is  known  to  proceed  via  the 
triplet  excited  state  to  yield  an  organic  radical  and  a  metal  containing  radical 
Iragments;  c.f.  the  first  step  in  Scheme  1.  The  ESR  studies  reveal  that  the 
lifetime  of  the  metal-containing  radical  is  very  long  (>100  sec ) 


Performing  the  above 
photoreaction  in  an  NMR 
probe  led  surprisingly  to 
anomalous  CIDNP  signals 
for  the  protons  of  the 
solvents  (benzene  or 
dichlorornethane). 

Moreover,  the  polarization 
persisted  for  several  minutes; 
c.f.  figure  1 . 


Figure  1 


JWmanent  address,  Dept,  of  Chew.  Far.  of  Science,  Ain  Shams  University.  Cairo.  Egypt 
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We  interpret  the  anomalous  behavior  in  terms  of  electron  polarization 
transfer  from  an  electron  polarized  intermediate  into  the  nuclear  spin  of  the 
solvent  protons  by  dipole-dipole  interaction  induced  cross-relaxation 
mechanism. 


intermediate-solvent 

complex 
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ttePn 
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A  P  e  -spin  populated 

dipolar  relaxation 


This  mechanism  requires  the  presence  of  a  very  long-lived  electron 
polarized  intermediate  because  the  polarization  persisted  for  very  long  time.  A 
mechanism  that  can  account  for  the  observed  polarization  will  be  discussed  in 
the  light  of  the  CIDNP  results  and  the  laser  power  dependence  of  the  CIDNP 
intensities. 

The  details  of  the  mechanism  in  which  the  polarization  is  created  in  that 
intermediate  is  peculiar  at  this  stage.  However,  an  explanation  based  on  the 
extension  of  the  radical  pair  mechanism  proposed  by  Closs  [1,2],  and  another 
using  the  triplet-triplet  pair  encounter  [3]  will  be  discussed. 
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THE  SIGNIFICANCE  OF  SURFACE  STATES  FOR 
PHOTOELECTROCATALYSIS  AT  THE  SEMICONDUCTOR  / 
ELECTROLYTE  INTERFACES 


N.  Alonso-Vante 

Hahn-Meitnei-Institut 
Abt.  Solare  Energetik 
Glienicker  StraBe  100 
D-14109  Berlin,  Germany 

The  surface  of  semiconductors  with  a  cubic  tetrahedral  structure  is 
generally  characterised  by  a  distribution  of  dangling  bonds,  which 
determine,  for  instance,  the  position  of  the  Fermi  level.  A  stabilisation  of 
such  surfaces  is  reached  either  via  reconstruction  or  relaxation.  In  spite 
of  these  structural  stabilisations  the  surface  still  reacts  towards 

adsorbates.  Unfortunately,  this  type  of  semiconductors,  e.g.  silicon,  are 
poor  materials  for  photoelectrocatalysis,  hence  the  major  process  is  by¬ 
passed  to  photocorrosion  products.  However,  the  surface  of  d-band 
semiconductors  with  pyrite  structure,  e.g.  MS2;  where  M  =  Ru,  Fe,  are 
remarkably  inert.  The  pyrite  structure  is  built  up  by  the  transition 
metal  atom  and  S2  dumbbells  forming  face-centered  cubic  (fee) 
sublattices.  The  M  atom  is  coordinated  octahedrally  by  sulphur  atoms. 
The  inertness  of  cleaved  (100)  RuS2  surface  has  been  confirmed  by 
scanning  tunnelling  microscopy  (STM)  experiments  under  ambient 

conditions,  where  atomic  resolution  was  obtained,  as  recently  reported 
by  our  group.  Images  could  also  be  recorded  after  leaving  the  surface 
exposed  to  air.  The  stability  of  the  surface  is  not  only  due  to  the  crystal 
structure  but  to  the  electronic  structure.  However,  the  scenario  can  be 
completely  different  during  photoelectrocatalysis  of  water  oxidation  as 
will  be  shown  in  this  presentation.  Firstly,  because  the  surface  of  RuS2 
must  be  activated  in  order  to  convey  the  photogenerated  holes  to  the 
reaction  centres.  This  means  that  the  interaction  of  water  with  the 

semiconducting  surface  may  change  the  nature  of  the  species  bounded. 

Secondly,  photoelectrocatalysis  must  then  occur  efficiently  by  the 
presence  of  a  driving  force,  i.e.,  an  important  Helmholtz  potential  drop  at 
the  interface.  The  validity  of  the  above  statements  will  be  discussed  in 
the  frame  of  various  experimental  evidences  such  as  low  temperature 
photelectrochemistry,  electrochemical  impedance  spectroscopy  (EIS), 
and  ex  situ  STM. 
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Deactivation  Channels  of  Muitidimensional  State  of  some  Laser  Dyes 

L.  F.  Ismail,  M.  S.  Antonious.  B.A.  El-Sayed,  M.  M.  Abo-Aly 
and  M.  S.  A.  Abdel-Mottaleb* 


Department  of  Chemistry  and  Photoenergy  Centre*,  Faculty  of  Science, 
Ain  Shams  University,  Abbassia,  Cairo,  Egypt 


The  photophysical  properties  of  some  donor-acceptor  dye  molecules  such  as 
trans-4-dimethylamino-4'-cyano-stilbene  (DCS)  and  its  model  bridged 
derivatives  (DCSBD)  and  (DCSBS)  with  different  degrees  of  flexibility  were 
investigated. 

This  work  reports  the  effect  of  solvent  polarity  and  viscosity  on  the 
fluorescence  properties  including  fluorescence  quantum  yields  of  the  three 
molecules  studied. 

The  results  lead  to  the  conclusion  that  cis/trans  isomerization  (or  double  bond 
twisting)  in  the  excited  singlet  state  is  the  most  important  nonradiative 
deactivation  channel  to  the  ground  state. 

Moreover,  results  are  presented  suggesting  formation  of  Dye-protic  solvent 
exciplexes.  The  equilibrium  constants  of  exciplex  formation  (of  1:1 
stoichiometry)  were  determined  by  using  stationary  fluorescence  technique. 

Furthermore,  torsional  relaxation  behaviour,  as  reflected  in  the  fluorescence 
quantum  yield,  is  correlated  with  solvent  viscosity/free  volume. 

Acknowledgement:  The  compounds  are  courtesy  of  Dr.  Rafik  O.  Loutfy . 


Energy  transfer  by  electronicaUy  nonadiabaac  transitions  * 


Vincenzo  Aquilanti 
Dipartiniento  di  Chimica 
Universita  degli  Studi  di  Perugia 
Via  Elce  di  Sotto,  8 
06100  Pemgia 

The  detailed  mechanism  which  governs  tlie  redistribution  of 
energy  stored  in  a  molecule  when  it  encountei-s  other  species  relies  on 
the  modalities  of  electronic  nonadiabatic  transitions. 

In  this  presentation,  recent  experimental  and  tlieoretical  progress 
is  reported  both  on  the  proper  representation  of  potential  energy 
surlaces  involved  hi  nonadiabatic  processes  and  on  the  formulation  of 
the  d^iamics  for  the  transitions.  A  few  specific  examples  are  discussed 

Although  some  features  of  potential  energy  surfaces  relevant  for 
inelastic  and  reactive  molecular  encounter  can  be  obtained  by  quanlnm 
chemical  calculations,  the  basic  ingi’edieiits  for  their  mappmg  aie 
empirical,  and  rely  on  results  from  spectroscopic  and  molecular  beam 
scattering  techniques.  Semiempirical  coirelation  rules  [1]  allow 
chai-acterization  of  features  to  the  level  of  accuracy  wliich  is  needed  for 
the  dynamics. 

In  turn,  the  dynamics  requires  development  of  fonmilas  for 
transition  probabilities  which  go  beyond  classic  formulas,  such  as  the 
Landau-Zener,  to  include  turuieling  and  mterference  effects  [2]. 

A  further  important  aspect  is  the  need  of  separating  time  scales 
for  electronic  iTansilions  and  redistiibution  of  vibrorotational  modes. 

Examples  from  our  work  include  the  selective  electronic  energy 
transfer  from  a  rare  gas  to  nitrogen  [3],  the  role  of  tlie  vibronic  manifold 


ill  an  ion  molecule  reaction  [4J,  and  propensitivities  for  vibrational 
excitation  in  positive  ion-negative  ion  recombination  [5]. 
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Studies  of  photochemical  reactions  by  niiclear-spin-polarization- 

detected  ESR  spectroscopy 

T.  Azumi,  K.  Maeda,  T.  Aizawa,  Y.  Yamalcage,  K.  Shindo,  S.  S. 

Ali, 

and  Y.  Araki 


Department  of  Chemistry,  Faculty  of  Science,  Tohoku  University, 

Sendai  980-77,  Japan 

The  initial  step  of  most  of  chemical  reactions  in  solution  is 
the  formation  of  radical  pair.  The  radical  pair  may  either 
recombine  to  a  recombination  product  or  dissociates  into  free 
radicals.  The  late  of  the  whole  reaction  path  is  governed  by  the 
small  interaction  in  the  radical  pair.  Therefore,  in  order  to  fully 
understand  chemical  reaction,  it  is  important  to  somehow  observe 
the  spectrum  of  radical  pair.  However,  in  most  of  conventional 
spectroscopy  (electronic  spectroscopy  and  ESR),  it  is  almost 
impossible  to  distinguish  between  radical  pair  and  free  radical. 

The  nuclear-spin-polarization-detected  ESR  spectroscopy 
developed  recently  is  a  devise  to  detect  the  spectrum  of  radical 
pair  separately  from  the  free  radical.  The  method  is  based  on  the 
detection  of  the  effect  of  the  microwave  on  the  intensity  of 
nuclear  polarization  (or  CIDNP)  of  a  reaction  product.  The 
spectrum  consists  of  two  parts:  SNP  (stimulated  nuclear 
polarization)  and  DNP  (dynamic  nuclear  polarization).  The  SNP 
component  corresponds  to  the  ESR  spectrum  of  radical  pair,  and 
the  DNP  component  corresponds  to  the  ESR  spectrum  of  free 
radical. 

We  have  further  developed  this  method  to  time-resolved 
manner.  By  this  method  one  can  analyze  the  time  developing  of 
radical  pair  and  free  radical  independently. 
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A  New  Diolefiiiic  Laser  Dye  ;  2,5  -  Bis  -  2-  (  2-  Naphthyl  ) 
Viiiylpyrazine  (  B2NVP  ) 


S.M.  A1  -  Hazmy  and  E.M.  Ebeid 

(Department  of  Chemistry' .  Faculty  of  Science ,  Team  Univ.,  Tanta ,  Egypt ) 

A.S.  Babaqi 

(Department  of  Chemistry ,  Faculty  of  Science ,  Sana'a  University,  Sana'a ,  Yemen ) ,  and 
^  M.  Kbnk,  J.  Sauter  and  E.  Daltrozzo 

(Fakultat  Fur  Chemie,  Universitat  Konstanz ,  Postfach  5560 .  D  -  7750  Konstanz  1 ,  Germany ) 


1  he  litled  dye  acts  as  a  laser  dye  upon  pumping  with  nitrogen  laser  (  =  337. 1 

I'a  cm  solutions  in  dimethylfonnaniide  give  amplified  spontaneous  emission 

(ASB)  maximum  at  ca  .  495  mn  .  The  excited  state  absorption  (ESA)  occurs  at  around 
500  nm  .  This  excited  state  absorption  inevitably  reduces  the  laser  efficiency  of  this 

dye  . 


B2NVP  has  a  short  excited  state  lifetime  (  1 .28  ns  )  and  a  low  photochemical 
quantum  yield  (^.J  of  1.6x  .  The  dye  undergoes  solubilization  in  both  anionic  and 

catiomc  micelles  with  subsequent  increase  in  emission  efficiencies  . 

Emission  spectra  at  different  excitation  wavelengths  reveal  the  possible  existence 

ol  lotoiners  arising  through  non-free  rotation  around  the  C  ■ —  C  sigma  bonds 

TiwpV\\Y\v\  ^ 
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TREATMENT  OF  WASTEWATER  FROM  REFINERIES  BY  OZONE /UV 

CATALYTIC  PHOTOXIDATION 


A.  M.  Badawi*,  F.A.  Fahim**,  G.  EL-Diwani,  S.  Hawash  and  Sh.  EL-Rafei***, 

A.  M.  EL-Sabbagh* 

Egyptian  Petroleum  Research  Institute  *,  Nasr  City-  Cairo,  Ain  Shams 
University,  Faculty  of  Science,  Department  of  Biochemistry** 
National  Research  Centre,  Chemical  Engineering  and  Pilot  Plant 
Department***,  Dokki,  Cairo  Egypt 


Laboratory  studies  concerning  treatment  of  wastewater  from  Cairo  , 
refineiy  ,  Mostorod  are  presented  . 

Chemicaal  oxidation  of  samples  contaning  emulsified  oil  using  catalytic 
ozonation  combined  with  ultraviolet  light  is  evaluated. 

Fe(lll)  tetracarboxyphthalocyanine  at  a  concentration  of  2%  based  on 
emulsified  oil  in  wastewater  was  added  to  synthetically  prepared  sample 
befor  the  treatment  with  gaseous  ozone  at  doses  of  80-500  mg/L  and 
applying  U.  V.  Light  ( 15watt). 

The  treated  water  was  followed  by  filtration.  Effeciency  of  combined  catalytic 
and  ozonation  process  reached  99.7%  using  turbidimetric  technique. 

This  work  was  adopted  from  the  Ph.D.  Thesis  of  Sh.  El-Rafei 
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Photolysis  and  Thermolysis  of  Acidamide  and 
Sulphonamide  Derivatives 

By  M.  Z.  A.  BADR. 


Faculty  of  Science,  Assiiit  University,  Assiut  Egypt. 


Ukiaviolet  irradiation  and  pyrolysis  products  and  mechanisms  will  be 
discussed  lor  N-acetyl  derivatives  of  arylamides,  hydroxamic  acids, 
and  N-sulphonamides  and  N-sulpliohydroxainic  acids. 

I  lomolysis  mechanisms  and  free  radical  reactions  pathways  will  be 
discussed. 
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SEI  JiCl  IVE  OXIDAI  ION  OF  ALCOIiOI.S  BY  DIPIIENYLIODONIUM 
IONS  IN  A  PHOTOINDUCED  CHAIN  REACTION 

Roland  Billing,  Ham-Christoph  Luppa  and  Horst  Hennig 

Uuivemlat  Leipzig,  luslitut  fiir  Anorganische  Chemie,  D-04103  Leipzig,  Genmny 


SoluticijK  of  diphenylioclbniuni  salts  and  easily  oxidizable  cyanometalates,  |Mo(CN)g]‘^*  e.g.,  exhibit 
long- wa  velength  ion  pair  charge-transfer  (IPCT)  absorption  bands,  hradiation  into  tlie  IPCT  spectral 
region  causes  photo-redox  reactions  with  piimary  quantum  yields  close  to  unity.  The  diphenyliodyl 
radical  as  one  of  the  photoproducts  immidiately  decomposes  to  give  iodobenzene  and  a  phenyl 
radical.  In  the  presence  of  primary  or  secondary  (but  not  teiliary)  alcohols  tliis  radical  acts  as  a  chain 
carder  in  the  oxidation  of  alcohols  by  diphenyliodonium  ions  present  in  excess  (see  Scheme). 
Turnover  numbers  of  several  thousands,  depending  on  the  nature  of  substituents,  reactants' 
concentrations  and  the  absorbed  liglit-intensity,  have  been  observed,  lire  chain  reaction  is 
terminated  by  radical  combination  reactions  yielding  biphenyl  and  R-CH(Ph)-OH. 


Ph2r/lMo(CN)op-  ^==~=^  Phjl  •  ♦  [Mo(CN)8p- 


Using  tcipene  alcohols  as  substrates  and  H20/te;'r. -Butanol  (50/50)  as  the  solvent  neither  double¬ 
bond  isomeriziition  nor  racemization  are  observed.  Cilal  a  (Geranial),  but  no  citral  b  (Neral),  is 
obiained  from  geraniol,  e.  g.  Afler  optimization  of  the  reaction  conditions  the  aldehydes  have  be 
obtained  with  m  irs  than  90%  yield  in  the  ten  gram  scale. 
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HOMOGENEOUS  SOLAll  DETOXIFICATION  OF  CON^I  AMINATED 

by 

James  R.  Itoltou  ,  Ali  Safarzadeli-Amiri  and  Stephen  R.  Cater 
Solarcbem  Euviroiimental  Systems 
130  Royal  Crest  Court,  Markham,  ON,  L3R  OAl 
Tel:  905-477-9242;  Fax:  905-477-4511 

llie  use  ol  sunlight  to  stimulate  the  detoxification  of  contaminated  ground  waters  is  an 
atti  active  goal,  since  it  eliminates  the  need  for  large  amoimts  of  electrical  energy  now  used 
commercially  in  the  destruction  of  pollutants  using  ultraviolet  light.  These  processes  are 
generally  called  Advanced  Oxidation  Processes  (AOPs)  and  involve  the  generation  of 
reactive  radicals,  sucli  as  the  hydroxyl  radical,  which  then  react  with  and  degrade  organic 
pollutants.  Unfortunately,  tlie  ultraviolet  processes  in  use  today  require  UV  light  below 
300  mn,  which  is  not  available  in  terrestrial  .sunlight. 

1  Itanium  dioxide  (in  its  anatase  crystalline  form)  does  have  some  ability  to  degrade 
pollutants  ushig  sunlight  and  there  has  been  a  considerable  amount  of  research  and  even  a 
field  demonstration. 

Solarchem  has  developed  a  new  process  called  Solaqua®(patent  issued^),  which  absorbs 
light  out  to  500  mn  and  thus  is  able  to  absorb  almost  18%  of  the  solar  spectrum.  The 
process  generate.?  hydroxyl  radicals  with  a  high  quautmn  yield,  so  the  chemistry  is  veiy 
siuiilai  It)  that  hi  IJ  V/peroxide  treatments.  In  parallel  solar  experiments  Solaqua®has 
shown  tlie  ability'  to  degrade  organic  pollutants  at  over  50  times  the  rate  for  the 
hetei'ogeneou.';  t!.t.;;!.iiuin  dioxide  proce,ss. 

llu,  .ib.soitei  ill  Solaqua®is  the  ferrioxalate  ion,  which  has  been  used  extensively  as  an 
acliuoniete)..  The  ferrioxalate  photochemical  reaction  generates  ferrous  ions,  and  in  the 
presence  of  hydrogen  peroxide  (the  Fenton  reaction)  hydroxyl  radicals  are  generated, 
whicj)  ihen  attack  and  oxidize  almost  all  organic  pollutants. 

dll e  presentation  will  outline  the  experiments  we  have  conducted  to  optimize  the  process, 
to  mea  .sure  quantum  yields  and  to  explore  reactor  designs.  Some  aspects  of  the  mechanism 
will  be  discussed. 

Part  of  tliis  work  was  carried  out  imder  a  Research  Contract  with  the  U.S.  National 
Renewable  Energy  Laboratory. 

1-  Safarzadeh-Amiri,  A.,  "Photocatalytic  Method  for  Treatment  of  Contaminated  Water", 
US  Patent  No.  5,266,214,  Nov.  30,  1993. 

”  Dr.  Bolton  is  also  (1/2  lime)  a  Professor  of  Chemistry  at  Tire  University  of  Western 
Ontario,  London,  Ontario,  Caiinda. 
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The  Mechanism  of  Early  Events  in  Photosynthesis 

S.  Boxer 

Department  of  Chemistry,  Stanford  University, 

Stanford,  California  94305-5080  USA 


The  initial  energy  and  eiectron  transfer  processes  in  photosynthetic  reaction  centers 
(RCs)  are  of  interest  to  anyone  interested  in  photochemistry,  including  possible 
applications  in  solar  energy  conversion,  non-linear  optics  and  optical  information  storage 
and  processing.  Despite  many  years  of  effort  and  a  high  resolution  x-ray  crystal 
structure  of  the  RC,  the  mechanism  of  the  earliest  processes  remain  uncertain  and  the 
subject  of  great  controversy.  Two  key  questions  have  emerged:  (i)  does  the  earliest 
charge  separation  process  take  place  in  one  or  two  steps,  and  Is  this  concept  meaningful 
given  the  very  short  time  scale?  and  (ii)  even  though  two  structurally  similar  electron 
transfer  pathways  exist  in  the  RC,  only  one  is  used;  what  is  the  molecular  origin  of  this 
unidirectional  electron  transfer? 

Our  research  combines  ultra-fast  spectroscopy,  electric  field  perturbati  ons  and  protein 
manipulation  by  recombinant  DNA  techniques.  Using  very  short  laser  pulses,  we  have 
ob.served  oscillations  in  the  fs/ps  spontaneous  fluorescence  from  the  special  pair  primary 
electron  donor  whose  excited  states  initiate  photosynthesis.  The  demonstrates  that  the 
excited  state  is  not  at  thermal  equilibrium  during  the  initial  electron  transfer  reaction. 
Using  Stark  spectroscopy  we  have  discovered  that  the  excited  state  of  the  special  pair  is 
higiily  polarizable  and  is  very  sensitive  to  local  electrostatic  fields  within  the  protein. 
These  fields  can  be  changed  by  altering  amino  acid  residues  which  make  hydrogen 
bonds  with  the  special  pair.  Stark  spectroscopy  can  also  be  used  to  calibrate  the 
sensitivity  of  different  chromophore  absorption  bands  in  the  RC  to  transient  internal 
electric  fields  created  during  charge  separation.  This  has  recently  been  used  to 
demonstrate  that  the  average  dielectric  screening  on  the  functional  side  of  the  RC  is 
several  times  larger  than  on  the  non-functional  side,  likely  making  a  significant 
contribution  to  unidirectional  electron  transfer.  Finally,  we  have  been  able  to  explore  the 
mechanism  of  the  initial  long-distance  electron  transfer  reaction  using  electric  fields  to 
perturb  the  reaction.  This  provides  a  convenient  approach  for  tuning  the  energy  of 
charge  separated  intermediates,  and  is  sensitive  to  the  orientation  of  the  electric  dipole 
moments  associated  v/ith  these  intermediates.  By  performing  this  experiment  on  the 
fs/ps  time  scale  it  is  possible  to  distinguish  the  one  and  two  step  mechanisms. 


32 


TIME-RESOLVED  PHOTOTHERMAL  MEASUREMENTS  ON  BIOLOGICAL 

PHOTORECEPTORS 

S.E.  Braslavsky,  Max-Planck-lnstitut  fur  Strahlenchemie,  Postfach  10  13  65,  D-45413 
Mulheim  an  der  Ruhr,  Germany 


Molecular  movements  in  the  microsecond  range  taking  place  after  laser-pulse 
excitation  of  various  photoreceptors  (bacteriorhodopsin,  rhodopsin,  phytochrome,  the 
photoactive  yellow  pigment,  and  photosynthetic  units  and  reaction  centers)  have  been 
analysed  using  temperature-dependent  laser-induced  optoacoustic  spectroscopy  (LIOAS), 
Studies  with  chromophore  model  compounds  (isomerizable  carbocyanines  as  models  for 
the  isomerizable  chromophores  in  phytochrome  and  in  the  retinal  proteins,  and 
photoinduced  charge  transfer  reactions  as  modeis  for  the  photosynthetic  units)  indicate 
that  the  movements  should  be  interpreted  as  arising  from  changes  in  the  location  of 
solvent  molecules  around  a  phototransformed  chromophore  with  different  dipole  moment 
han  that  of  the  parent  chromophore.  Therefore,  the  volume  changes  in  the 
chromoproteins  (in  some  cases  contractions  and  in  other  cases  expansions)  are  interpreted 
as  changes  in  the  immediate  protein  environment  of  the  respective  chromophore,  due 
to  photoinduced  dipole  moment  changes  after  light  absorption.  These  volume  changes, 
reflecting  a  density  change  concomitant  with  the  photoinduced  transformation,  together 
with  the  time-resolved  calorimetric  information  derived  also  from  the  photothermal 
measurements,  yield  new  information  about  the  chromophore-protein  interactions  in  each 
photoreceptor.  Photothermal  beam  deflection  (PBD)  after  pulse  excitation  permits  the 
analysis  of  molecular  movements  up  to  hundreds  of  milliseconds,  the  time  range  related 
to  the  biological  signal  transduction.  Using  PBD  with  polarized  excitation  and  detection 
together  with  linear  dichroic  measurements  with  the  membrane  patches  of 
bacteriorhodopsin,  it  has  been  possible  to  time  resolve  the  photoinduced  movements  (as 
well  as  to  estimate  the  stepwise  enthalpy  changes)  for  the  complete  photocycle  in  this 
retinal  protein. 
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Intersystem  grossing  in  Organic  Triplet 

intermediates. 

Richard  A.  Caldwell 
Department  of  Chemistry,  M/S  BE26 
The  University  of  Texas  at  Dallas 


intersystem  crossing  frpm  triplet  to  ground  state  surfaces  at  config¬ 
urations  at  which  the  two  approach  relatively  closely  energetically  is  a  critical 

i 

step  in  nearly  all  triplet  state  photochemical  reactions,  and  in  most  chemically 

I 

useful  cases  is  controlled  by  $OC.  We  have  studied  alkene  triplets  and  triplet 

•  I 

biradicals  (1)  by  conventional' organic  mechanistic  work  to  determine  the 
chemical  outcomes  and  infer  the  identity  of  intermediates;  (2)  by  laser  flash 
photolysis  to  determine  (a)  transient  lifetimes  which  often  will  equate  to 
Intersystem  crossing  (ISC)  rates,  (b)  energies  of  transients  (by  time-resolved 
photoacoustic  calorimetry),  arid  (c)  other  physical  and  kinetic  properties  of  the 
transients:  and  (3)  by  CAS-MCSCF  computations  of  spin-orbit  coupling  (SOC) 
in  small  model  species.  Our  objective  is  a  fundamental  understanding  of  triplet 
biradicals  and  olefin  triplets,  specifically  their  energetics  and  energy  surfaces, 

I 

conformations,  dynamics  (especially  ISC  rates),  and  ultimately  the  role  of  all 
these  in  determining  the  outcomes  of  photochemical  processes.  We  believe 
that  our  results  show  that  we  largely  understand  the  ISC  process  at  that  level 
now.  Recent  work  suggests  that  nonbonded  interactions  may  play  a  much  more 

i 

general  role  in  ISC  than  has  been  hitherto  believed,  a  point  which  deserves 
further  exploration. 


Dye  Molecules  in  Zeolites  as  Artificial  Antenna 


Frank  Binder,  Gion  Calzaferri,  Niklaus  Gfeller 
Institute  for  Inorganic  and  Physical  Chemistry,  University  of  Bern, 
Freiestrasse  3,  CH-3000  Bern  9,  Switzerland 

When  cationic  dye  molecules  are  exchanged  into  the  parallel  channels  of  L  zeolite,  they  are  so 
close  together  that  energy  transfer  can  occur.  The  restricted  geometry  of  the  L  zeolite 
channels  excludes  aggregation  and  self-quenching  even  at  very  high  concentrations.  We  report 
three  types  of  experiments  with  pyronine  and  oxonine  which  exhibit  that  such  a  zeolite  dye 
system  fulfills  basic  needs  of  an  antenna.  First,  we  show  that  energy  transfer  occurs  inside  of 
the  zeolite  microcrystals  filled  with  a  mixture  of  both  chromophores.  This  proves  that  the 
achieved  distance  distribution  fulfills  the  conditions  imposed  by  the  law  of  electronic  excitation 
energy  transfer .  Second,  we  show  that  all  the  quanta  absorbed  by  pyronine  inside  of  the  zeolite 
microciystals  can  be  trapped  by  a  quencher  or  by  a  luminescer  with  the  right  spectral 
properties  placed  on  their  surface.  In  the  third  experiment  we  show  that  in  a  mixture  of  zeolite 
microcrystals  loaded  with  pyronine  as  donor  and  such  loaded  with  oxonine  as  acceptor  A, 
energy  transfer  occurs  from  the  D  to  the  A  filled  particles. 

’*'0.  Calzaferri  and  N.  Gfeller,  J.Phys.Chem.  96  (1992)  3428. 

F.  Binder,  G,  Calzaferri  and  N.  Gfeller,  Tenth  International  Conference  on  Photochemical  Conversion  and 
Storage  of  Solar  Energy  (IPSrlO),  Interlaken,  Switzerland,  Book  of  Abstracts,  G.  Calzaferri  (Editor).  1994 
p.  109-110. 

F.  Binder,  G.  Calzaferri  and  N.  Gfeller,  Chimia  48  (1994)  292, 

F.  Binder,  G,  Calzaferri  and  N.  Gfeller,  Solar  Energy  Materials  and  Solar  Cells,  (1995)  in  the  press. 


The  two  processes  of  light  collection  and  its  conversion  to  chemical/electrochemical  energy 
are  separated  from  each  other,  in  natural  photosynthesis .  The  light  is  absorbed  by  an  antenna 
consisting  of  300-1000  chlorophyll  molecules  arranged  as  monomers  in  a  protein  environment. 
IWs  allows  very  fast  energy  transfer  from  an  electronically  excited  molecule  to  its  unexcited 
neighbor,  the  time  scale  being  in  the  order  of  one  ps.  The  excitation  energy  is  transported  by 
this  mechanism  to  the  reaction  center,  where  charge  separation  occurs.  This  is  a  very  efficient 
process  which  should  be  considered  in  the  research  of  artificial  photosynthesis  systems. 

Experiments  for  controlled  transfer  of  excitation  energy  through  thin  layers  based  on  the 
Langmuir  Blodgett  technique  have  been  described  many  years  ago  by  Hans  Kuhn  and 
coworkers.  Current  attempts  of  Balzani  et  al.  to  construct  artificial  antenna  based  on  linking 
moleculai  components  by  covalent  or  coordination  bonds  have  been  remarkably  successful. 
The  obtained  supraniolecular  dendritic  structures  of  nanometer  size  are  impressive  and 
inspiring.  We  have  taken  a  different  approach  by  using  the  three-dimensional  highly  ordered 
network  of  zeolites  as  a  framework  to  build  an  antenna.  The  idea  behind  this  approach  is  that 
the  ordered  pore  and  channel  structure  of  the  zeolite  can  be  filled  with  appropriate  dye 
molecules  so  that  the  packing  is  dense  enough  to  fulfill  the  needs  of  fast  Forster  type  energy 
transfer  but  that  each  dye  molecule  still  acts  as  a  monomer.  The  necessary  condition  of  the 
anaiigement  is,  that  energy  transfer  from  an  excited  molecule  to  an  unexcited  neighbor  is 
much  faster  than  any  other  process.  An  appealing  zeolite/dye  system  to  investigate  this  idea 
experimentally  is  L  zeolite  and  dyes  such  as  thionine,  oxonine,  pyronine,  proflavine  and 
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slmcturally  related  molecules  as  illustrated  in  Figure  1 .  The  photophysical  and  photochemical 
behavior  of  organic  dyes  in  zeolites  has  currently  become  of  increasing  interest.  We  have 
studied  the  isothermal  ion  exchange  of  thiazine  dyes  in  L  zeolite  and  we  have  found  that 
thionine  enters  the  large  cavities,  as  shown  in  Figure  1,  while  at  room  temperature  the 
somewhat  larger  alkylated  analoga  of  thionine,  methylene  blue  and  ethylene  blue  remain  on 
the  surface  of  the  microcrystals  where  they  form  dimers  and  higher  aggregates. 

Fig  1.  Schematic  view  of  a  dye 
molecule  in  the  main  channel  of  L 
zeolite  and  structure  of  some 
cationic  dyes  capable  to  enter  this 
channel. 

The  high  absorption  coefficients  of 
pyronine  and  oxonine  and  their 
spectral  properties  make  them 
good  candidates  for  constructing 
an  antenna.  Furthermore  the  restricted  geometry  of  the  channels  prevents  the  formation  of 
aggregates  inside  of  the  zeolite,  even  for  concentrations  up  to  0.2  M  with  respect  to  the 
zeolite  volume.  This  has  to  be  compared  with  the  tendency  of  aggregate  formation  in  aqueous 
solutions  where  it  starts  already  at  about  1 0-5  M. 

We  describe  three  types  of  experiments  to  test  if  such  a  zeolite/dye  arrangement  fulfills  basic 
needs  of  an  antenna.  First  we  must  find  out  if  energy  migration  occurs  inside  of  the  zeolite 
microcrystals  filled  with  chromophores.  This  will  only  be  the  case  if  the  distance  distribution 
fulfills  the  conditions  imposed  by  the  law  of  electronic  excitation  energy  transfer.  Intercalation 
of  a  mixture  of  two  dyes  D  and  A  with  the  right  spectral  properties  is  a  possibility  to  test  this, 
as  schematized  on  top  of  Figure  2,  If  the  energy  migration  is  efficient,  it  should  be  possible  to 

trap  all  the  quanta  absorbed  by  D  inside  of  the 
zeolite  microcrystals  by  fixing  a  luminescer  A  or 
a  quencher  with  the  right  spectral  properties  on 
its  surface  as  illustrated  in  the  middle  of  Figure 
2.  On  its  bottom  we  mix  zeolite  microcrystals 
loaded  with  dye  D  and  such  loaded  with  dye  A, 
to  find  out  if  energy  transfer  occurs  from  the  D 
to  the  A  filled  particles.  Pyronione  as  D  and 
oxonine  as  A  are  dyes  which  fulfill  the  spectral 
and  the  stability  conditions  needed  for  such 
experiments  and  they  are  therefore  investigated. 

Fig.  2.  Representation  of  energy  migration  and 
energy  transfer  in  the  three  spatially  different 
Donor- Acceptor  (D-A)  arrangements.  Top:  D 
and  A,  are  located  in  the  same  zeolite 
microcrystal.  Middle:  D  is  inside  of  the  zeolite 
and  A  is  attached  at  its  outer  surface.  Bottom: 
Mixture  of  dye  loaded  zeolite  microcrystals, 
each  containing  only  one  type  of  dye. 
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DYNAMICS  OF  BARRIERLESS  STRUCTURAL  RELAXATION  OF 
EXCITED  PYRIDYLOXAZOLE  CATIONS 

-^itrouk  S.L..  Druzhinin  S.I.  and  Uzhinov  B.M. 


Dept,  of  Chemistry,  Moscow  State  University,  Yorob’evy  gory, 

Moscow,  119899,  Russia 

The  structural  relaxation  of  excited  2-(3-pyridyl)-5- 
phenyl-oxazole  cation  OPyPOH^)  and  its  N-methylated  analog 
OPyPOMe^)  in  various  solvents  has  been  studied.  In  low  viscous 
solvents  at  room  temperatiu»e  the  fluorescence  of  3PyP0H'^  and 
3PyP0Me*  cations  is  characterized  by  the  anomalous  Stokes  shift 
(190  nm  in  EtOH)  and  low  quantum  yield.  The  fluorescence  inten¬ 
sity  depends  sliglitly  on  solvent  polarity.  As  solvent  viscosity 
increases  the  f luoi'escence  intensity  increase  and  shortwave- 
length  shift  take  place.  The  anomalous  fluorescence  Stokes 
shift  and  its  dependence  on  solvent  viscosity  point  out  that 
the  fluorescence  takes  place  from  the  continuum  of  intermediate 
states.  In  low  viscous  solvent  the  picosecond  fluorescence 
kinetics  does  not  depend  on  the  emission  wavelength.  At 
moderate  solvent  viscosity  the  fast  fluorescence  decay  at  the 
shortwavelength  side  and  the  fast  fluorescence  rising  at  the 
longwave  length  side  of  the  spectrum  are  observed  in  the  pico¬ 
second  time  domain. 

Effective  radiative  rate  constant  (k)  has  been  estimated 
from  fluorescence  quantum  yield  and  lifetime.  At  constant  vis¬ 
cosity  k  is  practically  independent  of  the  temperature.  Tlie 
value  of  k  increases  about  5  times  as  one  goes  from  nonrigid  to 
rigid  matrices.  The  fluorescence  maximum  wavelength  and  k  are 
changed  simultaneously.  The  dependence  of  k  on  the  alcohol  vis¬ 
cosity  allows  to  conclude  that  in  the  excited  state  structiu^al 
relaxation  consisting  in  the  rotation  of  pyridinium  ring 
relative  to  oxazole  one  takes  place.  In  excited  cation  the 
equilibrium  angle  between  pyridinium  and  oxazole  fragments  is 
g7?eater  than  that  in  the  groimd  state.  At  comparable  values  of 
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the  structxjral  relaxation  time  and  lifetime  of  the  excited 
state  the  fluorescence  ai'ises  from  continuous  set  of  non- 
equilibrated  intermediate  states  with  various  torsional  angles 
between  pyridinium  euad  oxazole  rings  and  hence  with  different 
values  of  k. 

The  structural  relaxation!;;-  dynamics  is  described  by  the 
model  according  to  which  the  I’elaxation  is  a  molecular  motion 
on  excited  state  harmonic  sm-’faoe  in  friction  forces  field.  It 
is  assumed  that  temporal  evolution  of  excited  state  population 
density  is  described  by  modified  Smoluchovski  equation.  The 
calculation  has  been  made  taking  into  consideration  the  normal 
distribution  of  photophysical  elementary  constants  on  relaxa¬ 
tion  coordinate  (x).  It  is  supposed  that  the  fluorescence 
spectrum  has  the  same  profile  (gamma-distribution)  for 
different  x.  This  model  satisfaotoryly  fits  fluorescence 
kinetics  data  over  the  whole  spectrum  (Figure)  and  fluorescence 
spectra  of  studied  systems  in  wide  temperature  range. 


Figure , 

Experimental  and 
calculated  fluorescence 
kinetic  curves  of 
3PyP0H'^  in  glycerol  at 
20833  (1),  16667  (2) 
and  19231  (3)  cm"^ 
emission  wavenumbers  at 
308  K. 
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REGIO-  AND  STEREOSELECTIVITY  IN  LIGHT  INDUCED 
I4+2J-CYCLOADDITIONS  OF  a-CYANOENAMINES  TO 
AROMATIC  CARBONYL  COMPOUNDS,  NITRILES  AND  HYDROCARBONS 

Dietrich  Dopp 

Fachgebiel  Organische  Chemie,  Gerhard-Mercator-Universitat  -  GH  Duisburg, 

D-47048  Duisburg,  Germany 


a-Cyanoenamines,  as  other  captodative  (c,d-)  [1]  alkenes,  bear  a  donor  and  an  acceptor  at  the 
same  terrninus  of  a  double  bond.  This  unique  substitution  pattern  makes  the  double  bond 
radicophilic  [1]  and  at  the  same  time  enhances  the  olefin’s  aptitude  for  complexation  with 
suitable  electronically  excited  reaction  partners. 

In  a  stepwise  photocycloaddition  involving  a  c,d-alkene,  the  reactant  may  form  an  oriented 
exciplex  and,  as  a  result  of  the  first  bond  forming  event,  a  1,n-bi-radical  may  result  which 

-  features  one  especially  stabilized  [2]  c,d-terminus  contributing  to  its  over-all  stability, 

-  may  experience  intramolecular  attractive  or  repulsive  interactions  influencing  the  relative 
stabilities  of  selected  conformations. 

Thus  product  connectivity  and  structure  may  result  from  selection  on  two  levels  [3j  (exciplex 
and  biradical),  as  exemplified  for  the  1 .4-photocycloaddition  to  acyinaphthalenes  [4]: 


COR 


fOR 


Other  fields,  in  which  high  regio-  and  stereoselectivities  have  been  observed: 

[2+2]-Photoaddition  of  c,d-olefins  to  1-naphthonitrile  [5], 
Paterno-Biichi-reactions  of  c,d-olefins  with  benzil  type  diketones  [6]: 
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[2+2]-Photoclimerization  of  a-cyanoenamines  [7]: 


Sens  -  certain  triplet 
sensitizers  or  electron 
transfer  sensitizers 


Ottier  [2+2]  additions,  but  with  reduced  stereo-  and  diastereoselectivity,  respectively,  are  found 
in  the  light  induced  additions  of  a-cyanoenamines  to  acenaphthylene  and  naphthalene. 
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EXCITED  STATE  RELAXATION  PROCESSES  OF  CROWNED 
STYRYL  DYES  AITO  THEIR  METAL  COMPLEXES 

Di^hinin  S.I..  Rusalov  M.V. ,  Uzhinov  B.M., 

Alfimov  M.V.,  Gi'omov  B.P.,  Fedorova  O.A. 

Dept,  of  Chemistry,  Moscow  State  University,  Vorob’evy  gory, 

Moscow,  119899,  Russia 


The  photoploysics  of  ci’owned  styryl  dyes  (I)  and  their  com¬ 


plexes  with  sodium  cation  in  EtOH  has  been  studied.  The  comple- 

xation  of  Ic,  Id,  le.  If  with  Na'^  results  in  blue  shift  (Av  % 

700  cm"'')  of  absolution  spectra  (Table).  This  shift  of  la.  and 

Ib  without  macrocycle  in  the  presence  of  NaClO  is  less  consi- 

4 

depably  and  caused  by  salt  effect-  Tlie  fluorescence  spectra  of 
Ic,  Id,  le.  If  with  Na^  are  shifted  to  high  frequencies  (Av^  ^ 
150  cm  '  at  -100  °C)  but  in  considerably  less  extent  (Table). 
Tlie  fluorescence  excitation  spectrum  of  styryl  dye  with  Na^ 
coincides  with  absorption  spectrum  of  oomplexed  fonn  and  dif- 
fei’s  from  absorption  spectrum  of  the  initial  form.  It  points 
out  that  the  adiabatic  reaction  in  excited  state  takes  place. 

The  I’esults  obtained  are  consistent  with  the  model  of  me¬ 
tal  recoordination  in  excited  state.  In  excited  state  the  coor¬ 
dination  bonds  of  metal  ion  with  oxygen  atoms  of  pyrocathechol 
fragment  are  v^eakened: 


Suoh  bond  oliange  is  caused  by  charge  transfer  from  pyrocathe- 
chol  fragment  to  heterooyole  one. 


The  fluorescence  quantum  yield  ((p)  of  styryl  dyes  increa¬ 
ses  dramatically  as  the  temperature  decreases.  The  barrier 
height  of  radiationless  deactivation  (3.8,  4.2,  4.2  koal/mol 
for  Ib,  lo  and  IcN-a*  respectively)  is  close  to  activation  ener¬ 
gy  of  EtOH  viscous  flow  (3.7  koal/mol).  The  influence  of  cation 
electrostatic  field  on  photophysics  of  styryl  dyes  at  low  tem¬ 
peratures  has  been  discussed. 


Table 


'  4 

cm-^ 

Lv  , 

cm 

cm 

Av  , 

cm 

-100  ®C 

la 

25820 

-170 

18740 

-70 

0.012 

0.011 

Ib 

22360 

30 

18350 

130 

0.10 

0.12 

lo 

22210 

670 

17960 

150 

0.30 

0.22 

Id 

23130 

840 

19260 

140 

0.38 

0.23 

le 

22580 

760 

18840 

-210 

0.54 

0.17 

If 

22630 

750 

18490 

50 

0.55 

0.18 
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TICT-STATE  FORMATION  DYNAMICS  IN  N- ALCOHOLS; 

N , N-DIALKYLAMINONAPHTHALIMIDES 

Drughinin  S . I . ,  Dmitrouk  S.L.  and  Uzliinov  6.M. 

Dept,  of  Chemistry,  Moscow  State  University,  Vorob’evy  gory, 

Moscow,  119899,  Russia 

It  is  assumed  that  TICT— state  formation  reaction  is 
accompanied  by  internal  rotation  and  charge-transfer  processes. 
In  this  case  the  strong  dependence  of  TICT-state  formation  rate 
on  the  viscosity  and  polarity  of  raediimi  should  be  observed.  In 
present  work  the  influence  of  these  factors  on  TICT-state  for¬ 
mation  rate  in  N,N-dialkylaminonaphthalimides  is  investigated. 


Fluorescence  quantum  yield  (cp)  of  amino-  and  N- 
mefchylaminonaphthalimides  depends  slightly  on  temperature  and 
solvent  (cp  =0.50  -  0.98).  The  fluorescence  quantum  yield  and 
lifetime  of  N,N-dialkylaminonaphthalimide  considerably  decrease 
as  the  temperature  increases  or  as  solvent  polarity  and 
viscosity  deci’ease.  This  is  due  to  the  increasing  of  radiation¬ 
less  rate  constant  (k^),  but  not  to  the  change  of  radiative 
rate  constant  (k^).  It  is  supposed  that  temperature-activated 
I’adiationlesB  deactivation  in  N,N-dialkylaminonaphthalimide  is 
associated  with  the  formation  of  nonf luorescent  twisted  charge 
transfer  state  (TICT-state),  formed  by  the  rotation  of  dialkyl- 
aminogroup  relative  to  the  naphthalimide  ring  plane.  In  this 
case  the  rate  constant  of  TICT-state  formation  (k  )  is  related 
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with  <p  by  the  followiiig  equation;  =  1/<p  -  where 
(p^  —  f luoi'escence  quantum  yield  from  initial  state  without 
reaction. 

The  dependence  of  k^  on  the  temperature  (170  <  T  <  330  K) 
and  solvent  viscosity  (0.5  <  T)  <  700  oP)  for  DMAN  in  n— alcohols 
is  quantitatively  described  by  the  following  expression 

k  =  K  (-E/RT) 

t  0 

Pai’ametex*  Ct  is  a  measure  of  the  viscosity  influence  on  the  rate 
of  internal  rotation.  Tlie  activation  energy  E  depends  on 
solvent  polarity.  To  estimate  this  effect  it  is  assumed  that  E 
lineai'ly  depends  on  solvent  polarity  parameter  E^(30).  Tempera¬ 
ture  dependence  of  E^(30)  has  been  taken  into  consideration. 
Tlae  models  using  independent  or  viscosity-influenced  ct  are 
discussed. 

The  Ari’henius  plots  for  TICT-state  formation  rate  constant 
reduced  to  the  same  solvent  viscosity  and  polarity  for  DMAN  in 
different  alcohols  coincide  with  each  other.  The  activation 
energy  of  TICT-state  formation  in  nonpolar  solvents  is  equal  to 
9.1  koal/mol.  At  viscosity  less  than  10  cP  the  rate  constant  of 
TICT-state  foiroation  depends  on  solvent  polarity  and  is  not 
affected  by  solvent  viscosity.  Solvent  viscosity  influences 
markedly  k^  constant  at  viscosity  higher  than  10  cP.  The  effect 
of  N,N-dialkylamlnogroup  size  on  TICT-state  formation  rate 
constant  is  considered. 


Molecular  and  Supramolecular  Systems  in  Photochromism 
Dihydroindolizine  a  versatile  Molecule 

H.DOrr,  Fachbereich  11.2,  Universitat  des  Saarlandes,  D  -66041  Saarbrucken 


The  field  of  photochromism  is  receiving  more  and  more  interest  in  the  recent  past. 
The  development  of  commercially  usable  photochromic  lenses’  has  given  a 
tremendous  impetus  to  the  basic  research  of  photochromes^.  The  extension  of  the 
fundamental  findings  to  supramolecular  systems  opens  an  additional  facet  of  this 
research  area. 

In  this  talk  a  survey  of  the  known  photochromic  systems  is  given  first. 

The  preparation  of  dihydroindolizines  (DHI)  1  and  their  photochromism  leading  to 
colored  betaines  2  based  on  a  671  -  pericyclic  reaction,  is  presented^ .  This  class  of 
molecules  are  7t  -  isoelectronic  to  spiro-pyrans  and  -oxazines,  which  have  been 
studied  in  great  detail.  However  DHIs  1  show  intrinsic  differences  to  the  latter,  which 
is  reflected  in  their  properties.  The  mechanism  of  the  photoreaction  is  elucidated  and 
rate  constants  of  the  deactivation  channels  are  presented. 

Photoswitchable  systems  being  based  on  CN-DHIs  are  shown.  Their  photochemical 
reversibility  and  the  photostability  is  dependent  on  both  substituents  and 
environment. 

Linking  polyethers  to  the  DHI-molecules  affords  a  new  photochromic  system  allowing 
for  host-guest  chemistry.  Molecular  recognition  of  metal  ions  is  possible  even  with 
binding  sites  of  low  efficiency.  The  selectivity  of  these  podate-DHIs  with  regard  to 
tuning  of  reactivity  or  excited  state  properties  is  demonstrated.  In  a  final  section  a 
few  selected  applications,  some  commercially  being  used,  are  shown. 


R' 


h 

<  — 

hV2  /  A 


1 

R  =  H,Alkyl-etc 


1)  Mac  Ardle,  Applied  Photochromic  Polymer  Systems,  Blackie  and  Sons,  Glasgow 
and  London,  1992. 

2)  H.Durr,  H.Bouas-Laurent,  Photochromism  -  Molecules  and  Systems,  Elsevier, 
Amsterdam,  1990. 
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The  Emission  Characteristics  and  Photostability  of 
1,4  -  Bis  [b-  (2-benzoxazoIyl )  Vinyl  ]  Benzene  (BBVB)  and 
1,4  ■  Bis  [  B  -  (  2-Quinoiyl )  Vinyl]  Benzene  (BQVB) . 

by 

S  .  A .  El  -  Daly  ,  S  .  M  .  A1  -  Hazmy  and  E .  M .  Ebeid 
(  Department  of  Chemistry ,  Faculty  of  Science,  Tanta  Univ.,  Tanta,  Egypt)  , 

E  .  M .  Vemigor 

(  Scientific  Research  Institute  of  Organic  Intermediates  and  Dyes ,  B . 

Sadovaya  1/4, 103787 ,  Moscow ,  Russia  ) ,  and 
E .  Daltrozzo 

( Fakultdtfur  Chemie ,  Universitiit  Konstanz ,  Germany  ) 

The  emission  of  the  titled  dyes  has  been  studied  in  different  media 
including  organic  solvents  as  well  as  micellar  and  micrcemulsion  media  . 
Both  dyes  exhibit  high  fluorescence  quantum  yields  ( (j)f  values  around  0.5 
depending  on  the  solvent  used  ) .  An  investigation  of  their  laser  activity  is 
underway . 


The  photostability  of  these  dyes  has  been  studied  upon  nitrogen  laser 
pumping  as  well  as  towards  ordinary  uv  -  irradiation  (  A,  =  337  and 
365  nm ) .  The  photochemical  quantum  yields  ( (l)g)  in  different  media  have 
been  measured  and  ,  unfortunately^been  found  relatively  high  (  around 
0.01  depending  on  the  medium ) . 

The  effect  of  medium  acidity  and  basicity  on  BBVB  and  BQVB  emission 
and  electronic  absorption  spectra  are  also  reported  . 


46 


The  Emission ,  Photostability  and  Complexation  Ability  of 
Tetraphenylporphyrin  (  TPP ) 


(*  n  .  H,A.  El-Daly* ,  M.E.  El-  Khouly**  and  E  M  Ebeid* 

(  epartiiieiit  of  Chemistiy ,  Faculty  of  Science ,  and  *•  Department  of  Chemisty .  Faculty  of  Education 

Tanta  University  ;  Tanta ,  Egypt ) . 


«  1.  electronic  absorption  spectra  of  TPP  in  the  presence  of 

and  Co  +  have  been  studied  in  organic  solvents  and  in  micellar  media  A 

last  complexation  process  is  observed  upon  allowing  TPP  to  react  with  orSu^^ 

rius  fast  reaction  has  been  followed  kinetically  using  stopped  -  flow  technique .  The 
activation  parameters  of  the  complexation  process  have  been  evaluated  . 

r  ^8  TPP  complex  is  subsequently  followed  by  complex 

dissociation  that  is  substantially  enhanced  by  the  addition  of  cationic  micelles  .V 

techiiqur*^^^^^””  ™  ^  cationic  micelles  has  been  studied  using  stopped  -  flow 

Contra^  to  the  fast  reactions  between  TPP  and  both  and  Srv-  ,  the  reaction 
between  IPP  and  Co^*  is  far  slower  .  Cobalt  ions  used  in  complexation  with  TPP  were 
applied  m  two  forms  namely  the  hexa-aque  [Co  J'"  and  the  tetrahedral  structure 
[Co  C\  J  .  The  effect  of  water  addition  on  Co  TPP  complex  is  highlighted  . 

ihe  photostability  of  TPP  has  been  studied  in  some  organic  solvents  and  in 
niicroemulsion  media . 
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LASICR-INDUCED  DISSOCIATION  OF  ORGANIC  IODINE  GASES;- 


Lolfiji  El-Nadi ,  Eblisnm  Havez  and  Galila  Abdel  Latief 
Faculty  of  Science  &  NILES,  Cairo  University ,  Egypt. 


Submitted  to  the  International  Conference  on  Solar  Energy  Storage  and  Applied 
Photo  Chemisliy  to  be  held  January  1995,  Cairo  -  Egypt.  Ain  Shams  Univ. 


ABSTRACT : 

Measurement  of  iodine  atoms  in  the  plasma  of  organic  iodine  gases  subjected  to 
laser  radiation,  was  carried  out.  Laser  induced  dissociation  of  the  gases  was 
observed.  Tlueshold  laser  intensities  were  detennined  for  conditions  of 
dissociation  at  different  laser  wavelengths  and  different  laser  fluences. 
Measurement  of  atotnic  iodine  distribution  was  then  performed  using 
spectroscopic  and  plasma  imaging  techniques  .  Results  were  elaborated  in  view  of 
the  use  of  organic  iodine  gases  in  the  solar  laser  project. 
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PEIOTOINDUCED  ELECTRON  TRANSFER  BETWEEN  MOLECULES 

IN  SILICA  MATRICES 

A.EremerUTO,  V.KondllenJto,  I-Taraeoy,  V.Ogenlco 

Institute  lor  Surface  Chemistry  National  Ukrainian  Academy  of 
Sclencles,  252028  Kiev,  Ukraine 

The  Introduction  of  photoreactlve  molecules  Into  a  dispersed 
oxide  composition  Is  an  attractive  way  to  create 
llglit-transformlng  photosensitive  systems  with  a  wide  set  ol 
unique  spectral  properties.  Various  promising  applications  ol 
these  novel  materials  Include  pliotocliroralc  systems,  lasers,  light 
guides  etc.  Pliotolnduced  electron  transfer  and  charge  separation 
In  heterogeneous  media  such  as  silica  Is  enhanced  due  to  processe 
of  adsorption  and  incorporation  ol  host  molecules.  The 
photocheimical  reaction  ol  eiclplei  formation  between  pyrene  and 
dlraethylanlllne  Is  often  used  as  a  model  tract  In  lor  CT 
interaction  In  heterogeneous  media  such  as  micelles  and 
polyelec trolytes.  In  the  present  report  the  same  system  Is 
proposed  lor  studies  ol  adsorption  and  photoreaction  on  the 
nonporous  silica  surface  -  aerosll  In  the  presence  ol  non-ionic 
Bui’lactant  Triton  X  100  micelles.  Steady-state  and  dynamic 
lluorescence  spectra  and  decay  kinetics  ol  luminescence  of  Py/DMA 
system  In  TX  100  micelles  on  aerosll  A-300  S  =  260  m^/g  were 
investigated.  The  same  processes  on  the  A-3(ro  surface  during 
adsorption  from  hexane  were  studied  In  parallel.  Under  these 
conditions  a  reaction  between  Py  an  DMA  runs  In 
dllluslon-controlled  regime  and  fluorescence  quenching  ol  an 
Py*  adsorbate  lor  the  most  part  obeys  Stem-  Volmer  equation. 

An  effect  ol  the  surface  ol  a  nonporous  support  on  a  course 
ol  a  dllluslon-controlled  reaction 

^Tads  ^  ^^ads  *  ; '^^^^^ads 

i  i 

11  ii 

consist  in  a  chemisorption  ol  first  portions  ol  a  quencher  (0.1- 
0j4  %  ol  a  monolayer),  a  formation  ol  a  "quenching  sphere"  when 
coverages  of  a  surface  by  amine  approach  to  monolayer, a 


concentration  dependence  ol  a  quenching  rate  constant. 
Solubilisation  ol  Py  In  TX  100  micelles  gives  10  fold  Increase  of 
Its  concentration  on  the  surface  and  is  not  acconiponled  by  Py2 
associates  ionnatlGn.  Py  fluorescence  Is  quenched  very  strong  by 
DMA  adding  In  adsorbed  on  SIO2  micelles  of  TX  100.  When 
solubilized  In  the  2%  solution  TX  100,exclplex  Py/DMA  Is  formed 
for  a  higher  DMA  concentration  then  In  hexane  (a  ratio  of  DMA/Py 
Is  80:1  and  4:1,  respectively). 

Under  conditions  of  a  vacuum  drying  of  Py/DMA/TX  IOO/SIO2  at 
the  room  temperature,  a  removal  of  an  Intermlcellar  liquid 
changes  sharply  photonics  ol  the  system.  Luminescence  of 
exclplexes  dlssappears  In  the  spectra  and  there  are  no  Py 
quenching  by  DMA  molecules. Addition  of  water  to  the  system  as 
well  as  excess  of  DMA  molecules  did  not  also  Influence  the  Py 
quenching  onto  SIO2  surface.  Intensity  ol  Py  fluorescence  In 
these  samples  remained  high  and  no  quenching  occured. 
Irreversible  structural  and  chemical  transformations  came  In  the 
system.  It  appears  that  coagulation  of  the  pyrogenic  silica  In 
the  TX  100  aqueous  solution  takes  place  with  a  formation  of  a 
colloidal  sol  when  It  being  In  the  aqueous  solution  of  TX  100, 
and  on  evacuation  -  a  condensation  accompanied  by  a  change  In  the 
structure  and  dlsperslty  (sol  -  gel  -  xerogel  transformation). 
Hydrophobic  Py  molecules  captured  between  layers  ol  hydrophobic 
parts  ol  TX  100  ^e  encapsulated  In  the  SIO2  alter  drying  and 
become  Inaccessesible  lor  quencher  molecules. 
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PHOTOPHYSICAL  AND  PHOTOCHEMICAL  PROPERTIES  OF 
DYE  MOLECULES  IN  POLYMERS  USED  FOR  FLUORESCENT 

SOLAR  CONCENTRATORS 

Rodica-Mariana  ION 

ZECASIN  S.A.,  Photochemistry  Dept,  Splaiul 
Independentei  202,  RO-79611,  Bucharest,  Romania 

Laurentiu  FARA 

Physics  Dept,  Bucharest  Polytechnic  University,  Splaiul 
Independentei  313,  Sector  6,  RO-77206,  Bucharest, 

Romania 

ABSTRACT 

Tlie  photophysical  and  photochemical  properties  of  the  dyes  have  been 
extensively  studied  in  the  last  decade,  since  these  compounds  have  a  lot  of 
applications:  dye  lasers,  solar  energy  conversion  devices  (including  solar  fluorescent 
concentrators),  photosensitiser  for  chemical  reaction  and  optical  media  for  many 
applications. 

The  required  features  of  all  the  dye  molecules  used  for  fluorescent  solar 
concentrators  are:  high  extinction  coefficient,  strong  fluorescent  properties,  high 
quantum  yields,  and  very  good  photostability. 

Incorporation  of  the  dyes  in  some  polymer  molecules  could  be  one  of  die 
best  mediods  for  photostabilization  of  the  studied  dyes. 

In  this  paper  we  present  a  spectroscopic  study  of  some  dyes 
(fluorescein,eosin,eiythrosin,rhodamine  B,rhodamine  6G,  acridine  orange) 
incorporated  in  different  polymers  (PEG  400,  PEG  600,  PEG  700),  in  order  to 
establish  the  type  of  the  interaction  between  the  polymer  and  the  dye,and  the  role 
of  these  interaction  in  the  photodegradation  reaction  of  the  dyes. 

These  polymers  were  chosen  on  the  basis  of  their  capacity  for  formation  of 
macromoleculai'  complexes  and  hydrogen  bonding  ability,  since  these  parameters 
are  the  most  important  in  the  energy  transfer  processes  which  can  acts  in  the 
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photodegradation  reaction  of  the  dyes. 

Absorption  and  emission  spectroscopic  techniques  are  applied  in  this  study 
to  elucidate  the  photophysical  and  photochemical  properties  of  the  studied  dyes. 

From  the  absorption  and  emission  spectra  of  the  dyes  alone  and  in  polymer 
solution, we  can  remark: 

-  a  spectral  shift  of  both  absorption  and  fluorescence  bands  towards 
lower  energy  as  the  polymer-dye  interaction  becomes  stronger. These  blue  shifts 
may  be  responsable  for  a  stronger  interaction  (molecular  complexes  or  hydrogen 
bonding  formation)  between  the  polymer  and  the  dye; 

-  the  fluorescence  spectra  of  all  the  dye-polymer  systems  exhibit  two 
different  bands,one  at  lower  energy  (attributed  to  the  dye  )  and  the  second  at 
higher  energy  (attributed  to  the  polymer). 

The  incorporation  of  the  dyes  in  PEG  600  decrease  the  photodegradation 
rate  of  the  studied  dyes,much  better  than  can  do  the  other  polymers  (PEG  400  or 
PEG  700). 

The  use  of  these  systems  in  fluorescent  solar  concentrators  can  lead  to  higher 
efficiency  (89%)  than  the  dyes  alone  (56%),  die  only  explication  being  the 
photodegradation  reaction  of  the  dyes. 
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Fluorcsceucc  Lifetimes  of  Adsorbed  Polymethiues 

D.  Fassler,  M.  Baezold  *) 

GMBUe,V. 

GesellschaJft  zur  Forderung  von  Medizin-,  Bio-  und  Umwelt-Tecluiologien  e.  V. 

Wildenbruchstr.  15,  D-07745  Jena,  Germany 

♦)  Friedrich-Sciiiller-UmversitAt,  D-07743  Jena,  Germany 
PoJyracthinc  dj’es  are  used  as  colourants  and  as  spectral  sensitizer.  Thiacaii>oc3^anine  and  thiadicarbocj*anine 
dyes  were  studied  in  solution  and  on  inert  surfaces  (CaF2,  Si02),  using  steady  stale  and  time  resolved 
fluorescence  spectroscopy.  Fluorosccnce  life  times  are  strongly  dependend  on  the  environment  The 
deacti^'ation  processes  of  importance  are  nonradiative  decay  and  fluorescence.  The  rate  constant  of  fluorescence 
is  indepcndcnd  jfrom  the  environment  The  widly  accepted  model  for  the  deacti^'ation  of  pol)methines  is 
torsion  of  the  polymelhine  chain  leading  to  an  90®  configuration,  with  the  very  fast  Sj-Sq  deactivation,  mostly 
reverting  to  the  trans  isomer  in  Sq,  but  also  forming  a  small  ammount  of  the  cis  isomer.  In  the  adsorbed  state, 
the  quantum  jield  of  fluorescence  increases  and  shows  a  strong  concentration  dependence.  For  analjlical 
applications  the  enhanced  concentration  dependence  is  veiy  interesting.  To  investigate  the  reasons,  we  studied 
3,3'-Dielliylthiacarboc>’aninc  iodide  (DTCC)  and  3,3'-Die%lthia(ficaibo<:y*anine  chloride  (DTDC)  in  different 
solvents  and  on  CaF2  (diameter  appr.  16  |im).  The  adsorption  isotherms  of  DTCC  and  DTDC  on  CaF2  are  of 
non-Langmuir  t\pe.  This  means  that  the  dye  molecules  are  weakly  adsorbed,  no  strong  surface  centres  are 
involved  and  a  sorptive  interaction  exists  betu’een  them.  Absorption  and  fluorescence  spectra  of  solved  and 
adsoihed  dyes  show  only  small  differences,  attributed  to  different  refracthe  indices  and  restrictions  in  the 
adsorbed  stale  for  vibrational  motions.  The  fluorescence  life  times  ((time-resolved  single-photon  counting 
apparatus  TO  SPC  100  vilh  mode-locked  argon  ion  laser  and  dye  lasers),  using  a  monoexponential  decay 
function  are  not  constant  and  start  to  decrease  even  at  surface  concentrations  which  are  much  less  than  one 
monolayer.  To  explain  the  quenching  obsen^ed  at  concentrations  lower  than  those  at  which  dimer  formation 
can  be  experimentally  detected,  Forster  energy  transfer  between  the  adsorbed  molecules  v^us  tested.  The 

fonnation  of  dimers  was  demonstrated  by  diffuse  reflectance  spectra,  using  the  KubeJka-Munk  function  and 
transforming  this  values  into  F(RgQ )  diagrams  for  spectral  regions  in  which  both,  dimer  and  monomers  absorb. 

Deviations  from  straight  lines  are  taken  as  indications  of  dimer  formation  (begin  by  roughly  one  half  of  a 
monolayer).  Tlie  dimers  are  strong  quenchers  of  the  fluorescence,  but  even  for  surface  concentrations  much 
lower  than  one  monolayer,  FOrster  energy  transfer  must  be  taken  into  account. 
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HeteFosupramolecular  Chemistry  :  An  approach  to 
mndulatiitg  function  in  molecular  devices. 

Donald  Fitzmaurice 
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Ireland. 

Abstract 

Addressa^  supramdleculaf  function  offers  the  prospect  of  constructing  molecular 
devices.  The  constituent  supramolecular  entities  may  be  photo-,  electro-,  iono-, 
magneto-,  thenno-,  mechano-  or  chemoactive,  depending  on  whether  they  process 
photons,  electrons  or  ions,  respond  to  magnetic  fields  or  to  heat,  undergo  changes  in 
mechmical  properties  or  perform  a  chemical  reaction.  However,  despite  many 
beautiml  examples  of  recOgnition-ditected  self-organisation  of  supramolecular 
assemblies,  progress  towam  realisation  of  practical  molecular  devices  has  been  slow. 

The  reasons  for  the  limited  progress  to  date  are  linked  to  the  requirements  that  must  be 
met  by  practical  devices:  Firstly,  that  they  function  at  a  supramolecular  level  within  the 
organised  assembly;  secondly,  that  the  function  of  each  constituent  supermolecule  in  a 
given  assembly  can  modulated  independently;  thirdly,  that  the  state  of  modulation  of 
each  supernwlecuje  in  a  given  assembly  can  be  determined  individuaUy,  and  finaUy, 
thatuie  resulting  device  meet  speed,  reliability  and  cost  specifications.  In  practice 
problems  encountered  include  the  following:  Firstly,  the  constituent  supermolecular 
umts  do  not  act  independently;  secondly,  attempts  to  modulate  supramolecular  function 
typically  involve  incorporation  of  sub-units  widiin  a  supermolecule  that  respond  to 
tin  approach  which  to  date  has  product  relatively  small  effects; 
tmrdly,  substrates  supporting  an  organised  assembly  that  are  capable  of  effecting 
stimulus  of  the  aroye  sub-uiiits  and  providing  information  concerning  their  modulation 
state  have  proved  difficult  to  identify;  finally,  techniques  that  permit  individual 
addressing  of  the  constituent  ppermolecules  of  tlie  molecular  device  have  not  yet  been 
realised.  Currently,  workers  in  many  laboratories  are  attempting  to  solve  the  above 
problems  u  sing  a  range  of  approaches. 

Regarding  substrates  supporting  an  organised  assembly  that  are  capable  of  effecting 
modulation  of  supramolecular  function  and  providing  information  concerning  the 
modulahon  state,  recent  work  directed  toward  development  of  a  heterosupramolecular 
chemis^  appears  to  offer  liew  opportunities  1-3.  Specifically,  upon  replacing  a 
molecular  component  in  a  supermolecule  by  a  condensed  phase  nanostructure,  referred 
to  as  a  heterocomponent,  a  heterosupermolecule  is  formed.  By  analogy, 
heterosupramoleeula*  chemistry  is  distinguished  from  the  chemistry  of  molecules 
adsorl^  at  the  heterocomponent  surface  as  follows  :  Firstly,  the  intrinsic  properties  of 
the  heterocomponent  and  molecular  components  are  only  slightly  perturbed  within  the 
leteiosupermolecule;  and  secondly,  the  properties  of  the  heterosupermolecule  are  not  a 
simple  supeiposihon  of  the  properties  of  the  heterocomponent  and  molecular 
components.  TTiat  is,  there  exists  a  heterosupramolecular  function.  Further  extending 
the  analogy,  a  heterosupermolecule  composed  of  a  heterocomponent  and  a  molecular 
cornponent  is  referred  to  as  a  heterodyad,  one  composed  of  a  heterocomponent  and  two 
molecular  components  as  a  heterotriad  and  so  forth. 

As  for  supermolecules,  linking  of  the  constituent  components  of  the 
heterosupermolecule  and  self^organisation  of  the  resultant  heterosupermolecules  may  be 
lecognition-dir^ted.  As  is  also  the  case  for  supermolecules,  addressability  is  a 
consequence  of  organisation.  Uniquely  however,  because  one  of  the  components  of 
the  assembled  heterosupermolecules  is  a  condensed  phase  nanostructure,  self- 
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organisation  yields  an  intrinsic  substrate  capable  of  effecting  stimulus  of  the  above  sub¬ 
units  and  providing  information  concerning  their  modulation  state.  The  re^sation  of 
this  approach  and  implications  for  design  of  molecular  devices  are  the  subjects  of  this 
paper. 

Specifically,  we  report  results  for  a  heterosupermolecule  consisting  of  a  Ti02 
nanocrystallite  attached  to  a  linked  viologen-quinone  unit  The  associated 
heterosupramolecular  function  is  photo-induced  vectorial  electron  flow.  For  the 
corresponding  organised  heterosupramolecular  assembly  we  demonstrate  the  following: 
that  bandgap  excitation  of  a  semiconductor  nanocrystallite  results  in  light-induced 
vectorial  electron  flow;  that  electrochemical  modulation  of  the  bulk  properties  of  the 
nanocrystalline  semiconductor  substrate  modulates  heterosupramolecular  function;  and 
tliat  the  state  of  the  intrinsic  substrate  provides  information  about  the  modulation  state 
of  Ae  constituent  heterosupermolecules. 

We  will  also  report  results  for  a  heterosupermolecule  consisting  of  a  TiC)2 
nanocrystallite  attached  to  a  linked  Ru(tpy)3-viologen  unit  5.  The  associated 
heterosupramolecular  function  is  photo-induced  bi-vectorial  electron  flow.  For  the 
corresponding  organised  heterosupramolecular  assembly  we  demonstrate  the  following: 
that  532  nm  excitation  of  the  rutiienium  complex  results  in  light-induced  vectorial 
electron  flow  to  either  the  viologen  or  the  semiconductor  heterocomponent  depending 
on  the  potential  applied  to  the  intrinsic  semiconductor  substrate;  that  electrochemical 
modulation  of  the  bulk  properties  of  tiie  nanocrystalline  semiconductor  substrate 
modulates  heterosupramolecular  function;  and  Aat  the  state  of  the  intrinsic  substrate 
provides  information  about  the  modulation  state  of  the  constituent 
heterosupermolecules. 

Finally,  some  general  implications  of  this  work  will  be  considered. 
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Nuclear  wavepacket  study  of  unimolecular  reactions 
in  ultrashort  pulsed  lasers 
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In  recent  years,  considerable  attention  has  been  given  to 
so-called  femto-second  chemistry  developed  by  Zewail's  group[l]. 
This  femto-chemistry  means  searching  reaction  processes  in  real 
time.  Theoretically,  nuclear  wavepakects  are  created  by  femto¬ 
second  pulses.  Its  centroid  corresponds  to  the  classical 
representative  point  moving  on  the  potential  energy  surface. 

The  purpose  of  this  paper  is  two-fold.  One  is  to  clarify  the 
mechanisms  of  unimolecular  reactions  induced  by  femto-second 
pulsed  lasers  in  terms  of  the  nuclear  wavepacket  propagation. 

We  examined  unimolecular  reactions  such  as  non-  adiabatic 
reaction  of  sodium  iodide[2],  and  photodissociation  and  hydrogen- 
migration  of  hydrogen  cyanide[3].  The  other  is  to  present  a 
theoretical  work  on  controlling  reaction  dynamics  by  nonstationary 
lasers  [4].  The  theory  is  based  on  optimization  of  the  laser  field 
locally  in  time.  The  molecular  system  is  expressed  in  the  nuclear 
wavepacket  representation.  The  theory  was  applied  to  laser- 
induced  ring-puckering  isomerization.  The  result  indicated  that 
nearly  100%  of  the  population  can  be  transferred  to  the  final 
product  state  by  irradiation  of  the  optimized  lasers. 
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Metal  Recognition  and  Photosensitizing  Properties  of  Novel  Squaraine  Dyes 
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Design  of  new  fluoroionophores,  which  essentially  consists  of  fluorophores  linked  to 
lonophores,  is  an  active  area  of  research  due  to  their  potential  appUcations  in  the  field  of  molecular 
mlormation  processing  and  in  the  sensing  of  low  concentrations  of  biologically  important  cations 
such  as  Li+.  Na+,  K+  and  Ca2+  For  intracellular  applications  it  would  be  necessary  to  synthesize 

fluoroionophores  which  have  absorption  and  emission  in  the  near  infrared  region  and  are  soluble  in 
aqueous  systems. 

Several  squaraine  dyes  are  known  to  have  strong  absorption  and  emission  properties  in  the 
near-tnfrared  region.  Due  to  the  intramolecular  charge-transfer  nature  of  these  electronic 
transitions,  which  are  highly  sensiti  ve  to  substitutional  changes  as  well  as  die  nature  of  the  solvent 
medium,  these  dyes  would  be  ideally  suited  for  the  design  of  new  fluoroionophores.  An  additional 
property  that  these  dyes  possess  is  their  ability  to  undergo  reversible  redox  processes.  lonophores 
covalently  linked  to  redox-active  residues  are  very  important  as  potential  sensitive  probes  for  metal 
ions  as  well  as  for  transport  of  metal  ions  across  membranes.  Such  dyes  are  also  useful  as 
‘ photosensitizers  in  solar  energy  conversion. 

Three  new  crown-ether  linked  squaraine  fluoroionophores  1-3  have  been  synthesized 
and  characterized  (Chart  1).  The  C  NMR  spectra  of  these  dyes  are  indicative  of  their  highly 
symmetnc  structure.  The  fluoroionophores  2  and  3  form  aggregates  in  aqueous  solution.  Addition 
of  p-cyclodextrin  breaks  up  this  aggregate  leading  to  the  formation  of  a  fluorescent  dye-p-CD 
complex.  The  fluoroionophore  bearing  N-aza-12-crown-4-ether  (1)  as  well  as  N-aza-15-crown-5- 
ether  (2)  have  a  better  selectivity  for  Li+  ion  and  can  be  used  as  ion  sensitive  near-infrared  probes 
The  syntliesis,  characterization  of  singlet  and  triplet  excited  states,  redox  properties  as  well  as  the 

metal  binding  properties  of  a  new  class  of  squaraine  fluoroionophores  1-3  (Chart  1)  will  be 
presented. 


1.  n  =  1 

2,  n  =  2 
2.  n  =  3 


Chart  1 
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The  spectroscopic  study  of  van  der  Waals  clusters  in  the  gas  phase  offers  the 
exciting  prospect  of  bridging  the  gap  between  the  gasoeus  and  condensed 
phases  by  probing  details  of  solvation  at  the  molecular  level.  One  of  the  most 
widely  used  spectroscopic  method  for  investigating  such  interactions  is 
multiphoton  ionization  combined  with  mass  spectrometry.  One  color  (Kl) 
.resonance  enhanced  two  photon  ionization  (R2PI)  spectra  of  jet  cooled  4- 
fluorostyrene  van  der  Waals  complexes  with  He,  Ne,  Ar.  Kr  and  Xe  will  be 
reported.  The  measured  spectra  display  discrete  structure  and  allow  the 
identification  of  electronic  spectral  shifts  and  stretching  and  bending 
frequencies  of  the  various  complexes.  These  spectra  are  discussed  with  the 
guidance  of  theoretical  results.  The  minimum  energy  stnictures  have  been 
calculated  starting  from  empirical  atom-atom  potentials.  Calculated 
vibrational  frequencies  for  these  complexes  agree  well  with  the  observed 
spectrum,  the  van  der  Waals  bands  can  thus  be  assigned  in  detail.  Different 
aggregation  geometries  are  predicted  in  case  of  larger  clusters. 
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AND  ECONX)MAClifIBS£ECT^y.bg^ 


Michael  Gwelzel 

licole  Polytediiiique  F^d^rale  de  Lausaiuic 
CH '  1015  LausoiuiCr  Switzerland 


Uanimg  from  lire  concetiu  used  by  gi«n  plants  we  liave  developed  a 

molecular  photovoltaic  device  whose  overall  '"3 

conversion  to  electricity  presently  attains  10%.  'nie  system  is  based  on  the  Jiarge 
transfer  sensltotion  of  nanocrystalline  films.  Similar  to  clUoiophyll  In  the  green 
leaf/the  new  photovoltaic  device  achieves  very  efficient  light  harvesting  by  a 
molecular  absorber.  The  latter  is  grafted  onto  a 

semiconductor  film  of  very  high  internal  surface  area.  bv 

injection  Into  the  semicondticior  generates  electric  diarges  which  are  co  lec  y 
a  conducting  glass  support.  In  airalogy  to  pholosynlltesis  this  dev.ce  “^r-^  « 
the  lirsl  time  the  separation  of  light  absorption  and  charge  earner  transpoth 
M™ochromatic  Incident  photon  to  current  conversion  effidertdes  approach.,  g 
101)  %  have  been  obtained.  By  virtue  of  Its  wide  raitge  of  possible  app  .ca  .o  , 
Lvironmenial  tompa.lbilUy,  as  well  as  the  simplicity  and  low  ^t  o 

produclion,  the  l.anocryslalllue  oT  s“  stainable 

renewable  energy  and  thus  contribute  to  the  aclueveinenr 

development. 
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Photolysis  of  Group  8  Metal  Carbonyls: 

Transient  IR  Spectroscopy,  PhotokInetIcs,  and  Quantum  Yields  of  CO  Substitution 

F.-W.  Grevels,  W.E,  Klotzbucher,  F.  Mark,  G.  Russell,  K.  Schaffner, 

K.  Schappert,  J.  Schrickel,  and  J.  Takats^ 

Max-Planck-lnstItut  fOr  Strahlenchemie, 

Stlftstra3e  34-36,  D~45470  Mulhelm  a.d.  Ruhr,  Fed.  Rep.  of  Germany 

Photolysis  of  rnetal  carbonyls  in  the  presence  of  potential  reactants  provides  convenient 
access  to  a  wide  variety  of  substituted  derivatives  or  catalytically  active  species,^'® 
carbonyliron  photochemistry  being  among  the  ciassic  examples.  Multiple  CO 
photosubstitution  Is  commonly  observed  upon  continuous  irradiation.  Thus,  Fe(CO)g  is 
readily  converted  into  mixtures  of  Fe(CO)g_„L„  photoproducts,  with  n  depending  on  the 
nature  of  the  incoming  ligand  L  and  on  the  reaction  conditions. 

Flash  photolysis  in  combination  with  fast,  time-resolved  IR  spectroscopy  is  the 
method  of  choice  for  the  characterization  of  short-lived  metal  carbonyl  intermediates 
involved  in  such  processes,  as  it  provides  both  kinetic  and  structural  information.  With 
a  globar  as  the  |R  monitoring  light  source,  the  instrumentation  currentiy  used  in  this 
laboratory  has  a  system  response  time  of  1-2  ps.  This  way,  the  Fe(CO)4Solv 
fragment  is  obseived  as  a  transient  species  generated  upon  laser  flash  excitation  (308 
nm,  XeCi  eximer  laser)  of  the  parent  Fe(CO)5  in  cyclohexane  solution  at  ambient 
temperature.  It  shows  a  CO  stretching  vibrational  band  pattern  indicative  of  a 
structure.  In  the  absence  of  any  potential  ligand  it  decays  within  <20  ps  with  formation 
of  Fe2(CO)g.  Trapping  of  Fe(CO)4  Solv  by  a  strongly  binding  donor  ligand  L,  such  as 
trimethyl  phosphite,  ultimately  results  in  the  formation  of  Fe(CO)4L  and  Fe(CO)3L2,  the 
ratio  of  which  is  governed  by  the  concentration  of  L.  Transient  species  assigned  as 
f  e(CO)3L-solv  (with  a  facial  FefCO)^  skeleton)  and  Fe2(CO)gL  are  detected  as 
intermediates  en  route  to  the  final  products. 

The  gradual  conversion  of  Fe(CO)g  (up  to  70—80  %)  into  the  substituted 
Fe(CO)g_^L|^  products  (n  =  1-3;  L  =  trimethyl  phosphite)  upon  continuous  irradiation  at 
three  different  wavelengths  (254,  302,  and  365  nm)  was  monitored  by  means  of 
quantitative  IR  spectroscopy,  while  light  absorption  was  measured  using  an  electronically 
integrating  actinometer.  The  results  are  interpreted  in  terms  of  a  reaction  scheme 
involving  both  consecutive  and  direct  formation  of  multiply  substituted  products. 
Quantum  yields  of  the  individual  steps  are  evaluated  on  the  basis  of  the  appropriate 
photokinetic  formalism,  which  accounts  for  mutual  internal  light  filtering  by  all  four 
complexes  present  in  the  reaction  mixtures.  Noteworthy,  the  predominant  portion  of 
FefCOg  is  directly  converted  into  the  disubstituted  Fe(CO)3L2  product.  This  finding, 
which  is  in  accordance  with  related  studies  by  other  workers,^  is  easily  rationalized  on 
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the  basis  of  the  above  lime-resolved  IR  specirosoopic  observalions. 

Complementaiy  invesligaUons  sterling  wilh  O^CO)^  and  Ru(OO).  reveal  lhal  these 
compounds  undergo  multiple  CO  photosubslitution  in  an  exclusively  stepwise  manner 

be  f«iras^  I  ^*^exano-solvated  M(CO),  fragments  (M  =  Ru,  Os),  expected  to 
be  formed  as  the  pnmary  photoproducis,  apparently  are  loo  short-lived  for  detection 
w,th  our  time-resoived  IR  spectroscopic  instrumentation.  Instead,  tee  setn^ 
pioducis  M^fCO),  or  M(CO)„L,  formed  in  the  absence  or  presence  of  a  ligand  L 
appear  almost  instantaneously,  unless  the  M(CO)„  fragments  are  transiently  trapped  by 
a  more  strongly  solvating  additive  such  as  benzene  or  acetone. 

In  summary,  tee  disappearance  quantum  ylalds  of  the  iron  triad  M(CO),  complexes 
range  from  range  from  ca.  0,4  to  0.9,  with  moderate  venations  In  going  L  M  =“a 

excItat'lorH  ^  “P""  creasing  tee  wavelength  of 

exctalion.  However,  wrth  regard  to  tee  formation  of  multiply  substituted  products  this 

comparative  study  reveals  a  distinctly  different  behaviour  of  Fe(OO),  on  tee  one  hand 
and  Ru(CO),  and  OsfCO)^  on  tee  other  hand.  ' 

^wjedasmem.  Pan  rwa  work  was  supported  by  tee  EU  (Contract  No. 
ERBCHRXCT930152)  which  is  gratefully  acknowledged. 
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MOlvEClILAR  MECHANISM  OF  PHOTOSENSITIZATION  IN  DNA 
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SOLAR  SYNTHESIS  OF  HYDROGEN  PEROXIDE 

James  Guillet  and  Gad  Friedman 

Department  of  Chemistry,  University  of  Toronto, 

Toronto,  Canada  M5S  lAl 

A  series  of  novel  solid  catalysts  have  been  developed  which  are  capable  of  producing 
high  yields  of  hydrogen  peroxide  when  irradiated  with  sunlight  in  the  presence  of  a 
suitable  hydrogen  donor,  such  as  isopropanol.  The  overall  stoichiometry  of  the 
reaction  is 


OH  0 

CHg-iH-CHg  +  O2  CHgJ-CHg  +  HOOH 

The  reactions  are  carried  out  using  a  catalyst  consisting  of  polymer— bound  quinone 
groups  chemically  attached  to  solid  hydrophyllic  surfaces  such  as  silica  gel,  glass 
fibers  or  beads,  and  cellulose.  Irradiation  of  solutions  of  the  hydrogen  donor  in  the 
presence  of  the  solid  catalyst  with  wavelengths  of  light  absorbed  by  the  quinone 
group  while  continuously  introducing  air  or  oxygen  results  in  the  oxidation  of  the 
alcohol  to  acetone  and  the  simultaneous  formation  of  hydrogen  peroxide.  The 
process  can  be  carried  out  using  either  light  from  electrically  driven  lamps  or  natural 
sunlight.  Operating  the  reaction  in  a  sequential  mode  allows  complete  separation  of 
the  acetone  and  isopropanol  from  the  aqueous  solution  of  hydrogen  peroxide.  The 
catalyst  is  regenerated  in  the  presence  of  air  or  oxygen  and  can  be  used  for  many 
cycles  to  produce  oxidized  organic  molecules  such  as  acetone,  and  hydrogen  peroxide 
which  is  useful  as  a  fuel,  bleaching  agent  and  chemical  oxidant. 
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Charactsristies  of  Si-a-As.Se.Cu  solar  cells. 


M.M. HAFIZ  . 

Physics  Dept.,  Faculty  of  Science, 

Assiut  university,  Assiut,  Egypt. 

Chalcoyenide  Films  and  P-type  Si  junctions  are  rectifying  at 
low  fields  and  exhibit  photodiode  behaviour.  The  I-V 
caracteristies  of  chalcogenide  films  and  N- type  Si  junctions  are 
similar  to  back-to-back  schottky  diodes. 

The  t,ran.sport  properties  of  the  chalcogenide  films  are 
bi'ieflv  report'd  and  the  colls  performance  are  discussed. 
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Photochemotherapy  with  Cyanine  Dyes 

Anthony  Harriman 


Faculty  de  Chimie,  University  Louis  Pasteur 
1,  rue  Blaise  Pascal,  67008  Strasbourg  C^dex,  France 


The  unique  molecular  architecture  characteristic  of  cyanine  dyes,  and  especially  asymmetric 
merocyanine  dyes,  allows  for  selective  recognition  and  uptake  by  leukemic  cells.  Since  these  dyes 
are  highly  fluorescent,  this  property  provides  for  early  diagnosis  of  leukemia  in  blood  supplies. 
Furthermore,  in  situ  photolysis  of  cyanine  dyes  can  be  used  as  a  means  for  the  specific  destruction 
of  infected  cells,  even  in  the  presence  of  a  high  concentration  of  healthy  cells.  The  mechanism 
whereby  certain  cyanine  dyes  recognize  leukemic  cells  and  facilitate  their  light-induced  cytotoxicity 
will  be  discussed. 

Understanding  the  mechanism  for  cellular  destruction  is  exacerbated  by  the  realization  that  the 
quantum  yield  for  formation  of  the  triplet  excited  state  is  extremely  low  <0.005)  in  most 
cases.  This  value  can  be  increased  substantially  by  incorporation  of  heteroatoms  of  relatively  high 
atomic  number  (e.g.,  S  or  Se)  into  the  molecular  framework  and  triplet  quantum  yields  up  to  0.5 
-have  been  obtained  in  this  way.  The  correlation  between  sensitization  efficacy  and  triplet  quantum 
yield  provides  for  informative  mechanistic  insight.  In  addition  to  ineffective  triplet  state 
formation,  these  dyes  undergo  efficient  tmns-cis  isomerization  from  the  first  excited  singlet  state 
and  the  resultant  d.v-isomer  is  highly  photoactive.  The  rates  of  both  photochemical  (forward)  and 
thermal  (reverse)  isomerizations  depend  weakly  on  the  size  of  the  rotor,  as  well  as  on  the  viscosity 
and  polaiity  of  the  medium.  Changing  the  nature  and  size  of  the  dye  also  affects  cellular  uptake 
and  internal  distribution.  The  effects  of  these  various  parameters  on  the  efficacy  of  cell 
photodestruction  will  be  discussed. 
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PHOTOCHEMOTHERAPY  ON  EXPERIMEISTAL 
BREAST  TUMOR  WITH  PHOTOFRIN II  AND  LASER 

Dm~MongHa$i ,  lyhSheng  You  and  Shun-Cheng  Chuang 

Institute  of  Radiation  Biology .  National  Using-  Hau  University ,  Hsinchu ,  Taiwan ,  ROC 

ABSTRACT 

Thei’apeutk  effects  of  pliotofrin  11  and  argon  ion  laser  on  mice  bom 
sarcoma-180  tumor  were  investigated.  S-180  cells  ( 1x10'^ )  were  implanted  into 
tbe  subcntaiieoiis  tissue  of  the  breast  part  of  ICR  strain  female  mice.  The 
tranor  grew  up  to  a  volune  of  about  0.55  ±0.15  cm^ ,  flie  mice  bom  tmiior  were 
divided  into  groups  and  treated  with  different  doses  of  photofrin  II  (  Pf  II )  and 
argon  ion  laser  respectively. 

TIte  results  showed  sarcoma-180  cells  were  sensitive  to  Photofrin-II.  The 
increased  Photofrin-II  dose  resulted  in  uicreasmg  cytotoxicity  compared  to 
photosensitization  foUowing  the  small  dose  of  photofrin-II.  The  best 
therapeutic  effect  (  53.8%  tumor  control  rate  )  was  got  in  the  group  treated 
with  7.5  mg  of  Pf-Il  per  kg  of  body  weight  and  total  irradiation  energy  of  75 
J/cm^  with  514,5  mn  argon  ion  laser  light.  The  most  marked  inhibitory  effect  of 
tire  survival  rate  of  tumor  cells  was  foimd  in  the  group  treated  with  Pf-II  7.5 
TOg/kg  and  laser  irradiation  400  mW/dem^.  lire  PDT  groups  inliibited  DNA 
and  RNA  synthetic  rate  obviously  ,  especially  the  group  treated  with  15  mg/kg 
of  Pf-II  and  400  mW  of  laser  irradiation. 


66 


EXCITED  STATE  CHARACTERISTICS  AND  NEW  UNACTIVATED  C-H  BOND 
FUNCTIONALIZATION  PHOTOCATALYSIS  BY  WioOaa^- 


Guftig  L-  Hi)l,^  Dean  C.  Duncan,®  Thomas  L.  Netzel.h  Roman  F.  Renneke,®  Lucy 
Combs-Walker,®  and  Chiistina  Prosser-McCartha® 

®  Department  of  Chemistry,  Emory  University,  Atlanta,  Georgia  30322  U.S.A. 

^  Department  of  Chemistiy,  Georgia  State  University,  Atlanta,  Georgia  30303  U.S.A. 

The  excited  states  of  oxidatively  robust  and  minimally  toxic  early  transition  metal 
oxygen  anion  clusters  ("polyoxometalates"  for  convenience)  cleave  unactivated  C-H 
bonds.  The  resulting  radicals  can  be  trapped  by  reduction,  oxidation  or  other  means, 
depending  on  the  particular  complex  and  conditions  used,  to  form  a  range  of  products. 

This  versatile  photochemistry  has  now  been  extended  to  include  a  catalytic  method  to 
carbonylate  alkanes  and  a  route  to  functionalize  diamond  surfaces.  These  new 
developments  will  Fe  outlined. 

New  laser  flash  photolysis  data  in  the  picosecond  and  nanosecond  time  domains  on 
the  most  useful  and  most  studied  polyoxometalate  photocatalyst,  Wio032'^',  indicate  that 
a  chemically  active  transient  is  formed  after  the  very  short  lived  and  mildly  emissive 
excited  state. 

1 .  Prosser-McCartha,  C.  M.;  Hill,  C.  L.  J.  Am.  Chem.  Soc.  1990, 112,  3671. 

2.  Renneke,  R.  F.;  Pasquali,  M.;  Hill,  C.  L.  J.  Am.  Chem.  Soc.  1990, 112,  6585. 

3.  Hill,  C.  L.;  Renneke,  R.  F.;  Combs,  L.  A.  New  J.  Chem.  1989, 13,  701. 

4.  Chambers,  R.  C.;  Hill,  C.  L.  J.  Am.  Chem.  Soc.  1990, 112,  8427. 

5.  Renneke,  R.  F.;  Kadkhodayan,  M.;  Pasquali,  M.;  Hill.  C.  L.  J.  Am.  Chem.  Soc. 
1991, 113,  8357. 

6.  Combs-Walker,  L.  A.;  Hill,  C.  L.  J.  Ain.  Chem.  Soc.  1992, 114,  938. 

7.  Sattari,  D.;  Hill,  C.  L.  J.  Am.  Chem.  Soc.  1993, 115,  4649. 

8.  .laynes,  B.  S.;  Hill,  C.  L.  J.  Am.  Chem.  Soc.  1993, 115,  12212. 


B7 


ELECTROLYTE  AND  TEMPERATURE  EFFECTS  IN  PHOTOINDUCED 
INTERMOLECULAR  ELECTRON-TRANSFER  REACTIONS 

Catherine  D.  Clark  and  Morton  Z.  Hoffman 

Department  of  Chemistry,  Boston  University,  Boston,  Massachusetts  02215  (USA) 

'fhe  biniolecular  oxidative  quenching  of  the  melal-to-ligand  charge-transfer  excited  state 
of  Ru(bpy)3^''‘  (bpy  =  2,2'-bipyridine)  by  methylviologen  (A^,A/'-dimethyl-2,2'-bipyridinium 
cation;  still  serves,  after  twenty  years,  as  the  paradigm  of  electron-transfer  quenching  of 

excited  Ru(II)-diimine  complexes  in  fluid  solution.  Despite  all  the  work  that  has  been  done  on 
this  system  in  aqueous  solution,  where  it  can  effect  the  generation  of  H2,  and,  thus,  the  storage 
of  solar  energy,  little  is  known  about  the  specific  effects  of  electrolyte  ion-pairing  on  the  rate 
constants  of  the  quenching  (kq)  and  electron-transfer  recombination  (/crec)  reactions,  and  the 
cage  escape  yield  (T^ce)  of  the  redox  products  (Ru(bpy)3^'''  and  MV*"^)  into  bulk  solution.  The 
research  reported  here  was  directed  toward  die  identification  of  the  molecular  factors  that  affect 
these  experimental  parameters  in  order  to  optimize  the  efficiency  of  the  overall  energy  storage. 

Values  of  Aq,  krcc,  and  rice  were  determined  as  a  function  of  the  concentration  of  added 
salts,  and,  thus,  ionic  strength  (p,  =  0.01-1.0  M)  and  temperature  (10-60  oC).  At  25  oC  for 
Na"*'  salts  at  constant  [anion],  kq  and  krec  increase  in  the  order  CH3CO2'  ~  H2PO4'  <  HPO4 
~  S04^'  «  C104';  the  trend  in  Tjce  is  in  the  opposite  direction.  For  Cf  salts,  kq  and  *rec 
correlate  to  [Cf],  but  not  ionic  strength,  and  are  independent  of  the  nature  of  the  cation;  rjce 
decreases  in  the  order  La^'*’  >  Ca^"^  ~  Li"*"  >  Na'*'  >  Cs'*'  at  both  constant  p  and  [cation].  For 
and  ktec,  activation  energies  are  independent  of  concentration  and  the  nature  of  the  ions  present 
(-16  kJ/mol),  except  in  the  case  of  C104',  for  which  Ea  is  -30%  lower.  Similar  effects  are 
observed  for  Hce- 

Trends  in  ;tq  and  kttc  are  attributed  to  the  existence  of  ion-paired  aggregates  of  the 
cationic  reactants  and  anions;  correlations  with  the  sizes,  charges,  and  hydration  enthalpies  of 
the  anions  can  be  made.  We  suggest  that  C104',  with  the  smallest  hydration  radius  and  the 
least  negative  hydration  enthalpy  (being  the  least  strongly  hydrated  of  the  anions  studied),  is 
more  closely  ion-paired  witliin  the  Ru(bpy)3^'''  (or  Ru(bpy)3-^'*‘)  interligand  pockets,  "tethering" 
the  (or  MV*'*')  into  closer  proximity,  thereby  lowering  the  activation  barrier  and 

increasing  the  rate  of  electron  transfer.  As  a  result,  Tice  is  also  significantly  lower  for  ClOa'. 
Tlie  dependence  of  Tice  on  cation  size  suggest  that  the  conventional  model  must  be  modified  to 
account  for  reorientation  of  the  geminate  pair  within  tlie  solvent  cage. 

Acknowledgment.  This  research  was  supported  by  the  Office  of  Basic  Energy  Sciences, 
Division  of  Chemical  Sciences,  U.S.  Department  of  Energy. 
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THE  ROLE  OF  DOPANT  DIPOLE  MOMENTS  ON  CHARGE  TRANSPORT  BEHAVIOR 
IN  MOLECULARLY  DOPED  POLYMERS 

A.K.Ka(laslichuk,  N.LOstapenko  and  Yu.A.Ski7shev8ky 

Institute  of  Physics,  Ukrainian  Academy  of  Sciences, 

Prospect  Nauki,46,  Kicv-28, 25265(1,  Ukraine 

Recently  mechanisms  of  charge  transfer  in  molecularly  doped  polymers  are  intensively 
mvestigatcd  due  to  tlieir  wide  application  as  photoreceptors  in  electrophotography.  It  was 
established  that  the  mobilities  of  charge  carriers  in  molecularly  doped  polymers  are  strongly 
dependent  on  the  static  dipole  moment  of  the  polar  molecules.  Dipolar  disorder  model  lias  bin 
invoked  to  explain  these  results[lj.  In  accordance  with  tliis  model  width  of  the  density-of-hoppine 
sites  IS  tielcrmined  by  interaction  ofthe  localized  carrier  with  molecule  static  dipole 
moment. 

Accordingly  to  the  proposed  by  us  charge-carrier  dipole  traps  model  [2,3],  electron-dipole 
interaction  can  cause  charge-  carriers  trapping  by  dipole  centers  at  low  temperature  in 
molecularly  doped  polymers  as  well.  In  this  connection,  one  can  directly  observe  by  the  methods  of 
meinioactivated  spectroscopy  influence  of  dipole  moments  of  guest  molecules  on  a  localized  states 
111  polymer,  and  also ,  investigate  processes  of  carrier  detrapping  and  their  dependence  upon  electric 
held,  temperature  and  concentration  of  the  polar  molecules. 

In  this  report  we  represent  recent  results  of  experimental  study  of  localized  states  of  charge 
carriers  in  ^poly-N-epoxy-  propylcarbazole  (PEPC)  films  doped  with  series  of  compounds  with 
intennolecular  charge  transfer  (CICT)  molecules  by  thermo-luminescence  (TL)  and  fractional 
gtou  technic.  It  should  be  stressed  that  among  commonly  used  metliods  as  TSC  and  time-of- 
ig  I  measuiemenls  only  TL  is  not  influenced  by  the  transport  process  and  is  directly  related  to 
letrappmg.  The  large  d,pole  moment  of  CICT  molecules  are  mainly  due  to  partial  charge 
iransler  in  ground  state  between  donor  and  acceptor  parts  of  CICT.  In  such  molecularly  doped 
pohineis  we  have  detected  appearance  of  dipole  traps,  whose  depth  is  strongly  dependent  on  the 
values  ol  impurity  dipole  moments.  Under  condition  of  polar  molecules  concentration  increase  we 
fuurtion  enliancement  of  trap  activation  energy  and  widening  of  local  state  density 

Investigaling  electric  field  influence  on  termoluminescence.  ive  have  carried  out  direct 
measurements  of  dependence  of  dipole  trap  depth  decrease  with  field  augmentation  both  in  strong 
le  ds  and  m  very  low  fields.  We  have  determined  that  for  sufficiently  strong  field  (F>5*10E5  V/cm) 
activation  energy  changes  can  be  described  by  Poole-Frenkel  (PF)-type  expression:  dEa(F)=Cl*F 
,  but  constant  Cl  smaller  tlian  PF-coefficient  in  several  times.  For  low  fields  (F<5*10E5  V/cm) 

elecfiic-field  effect  is  differ  from  PF-law  and  can  be  described  as  dEa(F)=C2*F  where  n  2/3  C2- 
coustant.  These  peculiarities  of  electric-field  effect  are  compared  with  results’of  simulatioii  of 
dopS^pdJ^mTs'^^*^^^^  ^**^°*^  presence  of  external  electric  field  for  molecularly 


1.  P.M.Borsenberger  and  H.Bassler,  J.CIiem.Phys.  95,  5327  (1991). 

2.  A.K.Kadashcluik  et.al.,  JETP  Lett.,  46,  207  (1987). 

3.  A.K.Kadashchuk  et.al.,  Mol.Ciyst.Liq.Ciyst.  201.  167(1991) 
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PHOTOCHEMISTRY  AT  HIGH  TEMPERATURES:  INTERACTION 
OF  ZnO  WITH  POSSIBLE  PRODUCTS  OF  C02  REDUCTION 
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COMPARATIVE  ELECTRON  MICROSCOPY  BETWEEN 


HYPHAE  FROM  YOUNG  AND  OLD  CULTURES  OF 
GAEUMANNOMYCES  GRAMINIS  V.  TRITICI,  THE 
TAKE-ALL  PATHOGEN  OF  WHEAT 
By 

M,A,  Kararah  ,  A.  Myers  and  J.G.  Manners 

•  Professor  of  Plant  Pathology,  Faculty  of  Agriculture,  Cairo  University 
**  Research  fellows.  Biology  Department,  Faculty  of  Science,  Southampton 
University,  England. 


ABSTRACT 

In  hyphae  in  4-8  day  old  cultures,  the  cell  wall  Including  the 
.septum  is. mainly  one  layered.  Normal  cell  organelles  were  observed 
except  nd^dictyo'somes  lgolgl  apparatus) .  In  hyphae  in  3G-day-old 
cultures,  the  cell  wall  is  mainly  two  layered,  with  the  outer  one  much 
denser  than  the  internal,  the  septa  is  mainly  trilayered,  cell  organelles, 
which  had  mostly  deteriorated  or  showed  sign  of  deterioration, are  in  most 
cases  replaced  iby  lipid  granules;  intrahyphal  hyphae  were  observed  growing 
within  an  old  disintegrating  one.  The  main  storage  material  in  young  hyphae 
is  glycogen,  while  in  old  hyphae  are  lipids. 
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EFFECT  OF  INFECTION  WITH  GAEUMANNOMYCES 


GRAMINIS  V.  TRITICI  ON  WATER  ECONOM^  IN 
WHEAT  PLANT  USING  LEAD  CHELATE  METHOD 

By 

M,A.  Kararah  ,  A.  Myers  and  J.G.  Manners 

*  Professor  of  plant  pathology,  Faculty  of  Agriculture,  Cairo  University. 

Research  fellows.  Biology  Department,  Faculty  of  Science,  Southampton 

University,  England. 

ABSTRACT 

Lead  chelate  solution,  was  used  for  the  first  time  to  study  water 
economy  in  diseased  wheat  roots.  The  first  primary  root,  of  wheat  seedl¬ 
ings,  was  marked  and  inoculated  with  agar  strip  method  to  obtain  a  well 
defined  lesion  on  each  root.  The  diseased  plant  absorbed  much  less,  lead 
chelate  solution,  than  healthy  plant.. The  amount  of  lead  sulphide  in  shoots 
of  healthy  plants  was  much  higher  than  in  the  diseased  plant.  The  amount 
of  lead  sulphide  in  the  different  parts  of  the  infected  roots  particularly 
under  the  lesion  were  much  higher  than  in  the  corresponding  regions  of  the 
healthy  root.  After  precipitation  of  lead,  by  exposurlng  the  plant  to 
hydrogen  disulphide,  the  shoots  of  healthy  plants  were  greatly  blackened. 
Meanwhile  those  of  the  infected  plants  showed  no  change  in  their  colour 
or  being  slightly  blackned .  Microscopical  examination  revealed  much  lead 
sulphide  accumulation  in  the  diseased  sections  only.  The  method  can  be 
used  with  other  plant  pathogenic  fungi,  to  study  the  pathway  of  water,  in 
their  l.osts  qualitatively  and  quahtltatively . 
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FINE  STRUCTURE  OF  THE  PRIMARY  ROOT  OF 
WHEAT  INFECTED  WITH  GAEUMANNOMYCES 
GRMINS  V.  TRITICI 

By 

*  «« 

M>A,  Karara^  ,  A.  Myers-  and  J.G.  Manners 

*  Professor  of  Plant  Pathology,  Faculty  of  Agriculture,  Cairo  University, 
Egypt. 

**  Research  fellow,  Biology  Department,  Faculty  of  Science,  Southampton 
University,  England. 

ABSTRACT 

Dltrathin  sec tion^^ were ^prepaned,  from  healthy  and  diseased  root  tips 

and  from  the  upper  regions  of  the  first  primary  root  of  wheat  plant. Sections 

were  stained  in  lead  citrate  and  examined  using  electron  microscope.  The 

effect  of  fungal  Infections  on  the  fine  structure  of  the  root  was  rather 

diiTerent  in  different  parts  of  the  root.  In  root  tip  cells  no  lignltubers 

were  observed  but  a  previously  undescribed  structure  called  a  *lignltuber- 

liked  structure’  was  recorded  in  about  10%  of  the  infected  cells. Frequently 

the  hyphae  grew  intercellularly .  In  the  upper  regions  of  the  root  the  cell 

v/alls  became  more  electron  dense  in  advance  of  .’the  developing  hyphae, probably 

to  lignlficatlon .  Cell  organelles  also  becctfne  electron  dense  at  early 

stages  of  infection.  Later  both  cell  wall  and  cell  contents  disintegrated 

gradually,  leaving  remnants  only.  A  fibrous  structure  and  microtubules  in 

bundles  not  previously  recorded  in  the  fungi  but  perhaps  having  a  conductive 
W  re¬ 
role,  wcfefJ^equently  observed  in  the  hyphae  in  the  upper  regions  of  the  root. 
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STUDY  OF  A  CU2O  BASED  PHOTOELECTROCHEMIECAL  SOLAR  CELLS. 

I' 

K.  A.  Khcin 

Department  of  Applied  Physics  &  Electronics 
University  of  Ra jshahi , 

Ra jshahi"6205 ,  Bangladesh. 

Abstracts  A  study  of  the  photoelectrochemical  response  and 

Pf.  C  is  presented.  This  material  is  of 

interest  because  large  amount  of  photo  currents  are  generated  for 
Wavelengths  ,iL<700  nrn.  Some  electrode  deterioration  occurs  and  this 
problem,  has  been  investigated  as  a  function  of  bias  voltage,  by 
operation  in  non-aqueous  solutions  and  by  deposition  of  thin 


protective  films. 


Sclforganization  of  chlorophylls  in  hydrocarbon  solution  and 
in  vivo  systems:  Pico-  and  femtosecond  relaxation  in  water  bound 
Chla  aggregates  and  CLTepidum  chlorosomes. 


J.E.I.  Korppi-Tommola ,  J.A.I.  Oksanen,  O.V.  Lobanov 

Department  of  Chemistry,  University  of  JyvSskyla,  P.O.  Box  35 
FIN-40351,  Jyvaskyla,  Finland 

Pico-  and  femtosecond  absorption  recovery  measurements  have  been  carried  out  for 
both  in  vivo  and  in  vitro  chlorophyll  complexes.  Three  different  types  of  Chlorophyll  a 
(Chla)  aggregates  are  formed  in  hydrocarbon  solutions  depending  on  the  water  content 
of  the  solution.  Under  very  dry  conditions  a  self-aggregate  is  formed  showing  a  small 
red  shift  with  respect  to  the  chla  monomer  absorption.  Adding  water  up  to  5:1  ratio  of 
water  and  Chla  a  ‘dimer’  absorption  band  at  702  nm  is  formed.  When  water  Chla  ratio  is 
about  100:1  then  an  strongly  red  shifted  chla  water  ‘polymer’  band  is  observed  at  745 
nm.  Exciton  splittings  of  several  assumed  aggregate  structures  were  calculated  and 
compared  to  the  experimentally  observed  spctral  shifts.  Pico-  and  femtosecond  studies 
of  the  shifted  bands  reveal  further  details  of  the  aggregates.  The  picosecond  rotation 
correlation  time  nie^urem^ts  suggest  that,  the  702  nm  band  (lifetime  of  about  2.5  ns) 
originates  ffoih  a  Chla  dimer.  The  femtosecond  experiments  of  the  745  nm  band  suggest 
an  extemely  fast,  about  0.5  ps  relaxation  of  the  S|  state  that  accounts  for  some  75%  of 
the  signal.  I'he  ‘polymer’  aggregate  involved  is  assumed  to  have  a  helical  structure  that 
may  contain  up  a  few  hundred  monomer  imits  bound  together  by  two  water  molecules. 
To  get  experimental  insight  to  the  decay  mechanism  we  have  performed  the 
measurements  in  two  solvents  hexane  and  3-methypentane  and  at  several  temperatures. 
The  decay  kinetics  seems  to  be  non-exponential  and  we  may  only  speculate  at  the 
moment  on  the  origin  of  the  relaxation  process.  Coherent  effects  and  vibronic  coupling 
to  low-frequency  modes  may  be  involved.  The  low-frequency  modes  of  the  hydrogen 
bonding  between  the  water  and  the  Chla  molecules  of  the  aggregate  may  be  involved  in 
the  relaxation  process.  Femtosecond  results  for  the  chlorosomes  of  Chlorobium 
Tepiduin  are  very  similar  to  what  we  obtain  for  Chla  ‘polymer’  aggregates. 
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UNUSUAIXY  STRONG  EMISSION  FROM  EXCIPLEXES  FORMED  BETWEEN 
BENZENOID  SOLVENTS  AND  DIBENZOYLMETHANATOBORON  FLUORIDE 

J.  Kossanyi!.  V.  Wintgensi,  P.  ValatH,  Y.  Chow^  and  C.  Johansson# 

HLabor.  des  Mat^riaux  Moldculaires,  CNRS,  2-8  rue  H.  Dunant,  Thiais,  France. 
#Dpt  of  Chemistry,  Simon  Fraser  University,  Burnaby  (B.C.),  Canada  V5A  1S6. 


Singlet  dibenzoylmethanatoboron  difluoride  (DBMBF)  forms  highly 
fluorescent  exciplexes  with  benzene  derivatives  in  the  neat  aromatic 
solvents.  With  the  methyl  substituted  benzenes,  the  first  process  observed 
in  acetonitrile  solution  is  the  quenching  of  the  moderate  Huorescence  (ca. 
Oil)  of  the  short-lived  (  0.34  ns)  DBMBF  singlet  excited  state,  before  the 
exciplex  emission  becomes  detectable  when  the  aromatics  concentrations  is 
higher  than  6M.  In  their  own  aromatic  solvent,  the  fluorescence  quantum 
yield  of  the  exciplex  is  important  (from  0.4  .to  0.7).  Its  lifetime  increases 
with  the  electron-donating  properties  of  the  aromatics,  to  reach  about  23  ns 
for  isodurene.  When  the  exciplex  becomes  detectable  (and  this  happens 
only  when  the  polarity  of  the  solvent  mixture  is  small),  its  lifetime  increases 
with  the  concentration  of  the  aromatics  as  a  result  of  the  displacement 
toward  the  exciplex  of  its  equilibrium  with  DBMBF.  However,  as  the 
electron-donating  property  -  of  the  aromatics  increases,  the  charge-transfer 
character  of  the  exciplex  increases  also,  and  the  collapse  point  of  the  exciplex 
comes  at  lower  concentration  of  the  aromatics. 

In  non  polar  solvents,  such  as  cyclohexane,  the  situation  is  quite 
different,  and  the  formation  of  the  exciplex  is  observed  immediately  with 
the  addition  of  the  aromatics  which  quenches  the  emission  of  DBMBF  (it 
nuore.sces  with  a  quantum  yield  of  0.046  and  decays  with  a  lifetime  of  0.15 
ns  in  pure  cyclohexane).  The  quenching  of  DBMBF  singlet  excited  state  by 
tlie  aromatics  occurs  with  a  rate  constant  greater  than  lO^M'^s'l.  As  in 
acetonitrile  for  high  aromatics  concentrations,  the  singlet  excited  state  of 
DBMBF  is  in  equilibrium  with  the  exciplex  but  now  even  at  low  aromatics 
concentrations.  The  equilibrium  constant  is  ca.  5  with  benzene  and  25  with 
toluene.  When  the  electron-donating  property  of  the  aromatics  increases,  the 
exciplex  itself  equilibrates  with  a  triplex  by  intereaction  with  a  second 
molecule  of  the  aromatics.  In  the  case  of  para-xylene,  the  only  one  that  we 
could  solve,  the  rate  constant  for  exciplex  formation  is  1.7  10^  M-^s'^,  that 
of  the  back  reaction  being  0.5  10^  M'^s'l  while  the  triplex  is  formed  from 
the  exciplex  with  a  rate  constant  of  8  10^  M’ls'i;  the  equilibrium  between 
tlie  two  species  is  0.6  thus  favoring  the  formation  of  the  exciplex  entity. 

The  triplet  excited  state  of  DBMBF  is  formed  in  acetonitrile  solution 
with  a  quantum  yield  of  0.01  and  it  has  a  17.5  ps  lifetime.  This  triplet  is 
coMipletely  erased  in  the  presence  of  a  diene. 
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I  he  divcise  biological  functions  expressed  by  tetrapyn'ole  complexes  of 
proteins  such  as  chlorophyll  reaction  centre  and  antenna  systems,  heme  proteins 
and  cytochromes  can  directly  be  traced  to  nonplanar  conformations  of 
tetrapyrrole  moieties.  The  different  extents'  of  distortion  of  the  pyrrole  rings  of 
the  porphyrin  core  is  modulated  by  the  nature  and  number  of  substituents, 
ceiitial  metal  ion,  nature  of  axial  ligands,  charge  of  the  porphyrin  core, 
aggregatiomand  packing  effects  in  ciystals.  The  synthesis  of  tetrapyrroles  with 
vaij'ing  degree  Of  nonplanaiity  allows  detailed  studies  using  structural, 
spectroscopic  and  electrochemical  redox  methods.  Three-dimensional  structures 
of  a  few  p-substituted  dinitro  and  trinitro  tetraphenylporphyrin,  p-halo 
substituted  tetraphenylporphyrin,  mono-meso  substituted  octaalkyl  porphines 
permit  a  range  of  distortions  of  the  porphyrin.  Detailed  AMI  calculations  were 
performed  on  several  of  these  systems  using  available  structural  data.  The  large 
shifts  in  the  absoiption  bands  of  the  porphyrin  in  the  UV  and  visible  regions  and 
tlie  diamatic  shifts  in  the  one-electron  porphyrin  ring  reduction  and  oxidation 
potentials  aie  caused  by  a  complex  interplay  of  the  ruffling  of  the  porphyrin  core 
and  the  electronic  effect  introduced  by  the  nature  of  the  substituents.  An 
analysis  of  these  data  will  be  presented  with  reference  to  their  importance  in 
chemical  reactivities. 
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Mimicking  Primary  Processes  of  Photosynthesis 
-  Modei  Compounds,  Ught-Induced  Charge  Separation  - 

H.  Kurreck 

Institute  of  Organic  Chemistry,  Free  University  of  Berlin,  14195  Berlin, 

Germany 

Photoredox  processes  in  anisotropic  media,  such  as  vesicles,  micelles 
and  liquid  crystals  have  attracted  attention  as  mimicking  electron  transfer 
(ET)  across  biological  membranes.  In  this  paper  we  present  photo¬ 
chemical  investigations  of  covalently  linked  porphyrin  quinones  (P-Q's)  in 
isotropic  solutions,  embedded  in  reversed  micelles  and  in  nematic  phases 
of  liquid  crystals. 

Reversed  Micelles:  Using  steady  state  in  situ  lamp  irradiation 
through  resonator  slits  various  P-Q's  can  be  converted  to  paramagnetic 
derivatives.  The  species  generated  via  intra-  and  intermolecuiar  electron 
transfer  (ET)  processes  can  readily  be  identified  as  semiquinone  radical 
anions  and  porphyrin  cations  of  the  P-Q's.  Interestingly,  depending  on  the 
experimental  conditions,  EPR  spectra  not  only  occur  in  absorption,  rather, 
emissive  signals  can  be  observed,  too.  This  finding  is  indicative  of  a 
strong  electron  spin  polarization  (ESP)  mechanism. 

The  ESP  effects  yield  valuable  information  about  ET  mechanisms 
and  spin  dynamics.  The  photoinduced  reactions  start,  of  course,  with 
intramolecular  ET  from  the  singlet  excited  state  of  the  porphyrin  to  the 
quinone  moiety.  This  charge-separated  state  experiences  ET  back  trans¬ 
fer  to  ground  state  or,  alternatively,  /nfe/molecular  ET  to  another  P-Q 
molecule.  Moreover,  the  quinone  can  be  reduced  to  the  hydroquinone 
redox  state  yielding  P-QH2.  In  this  species,  singlet  ET  from  the  excited 
porphyrin  state  can  no  longer  occur  and  the  triplet  state  is  born  via  spin- 
orbit  intefsystem  crossing.  The  polarization  pattern  observed  under  illumi¬ 
nation  in  reversed  micelles  can  be  interpreted  as  arising  from  radi- 
cal/lriplet  pair  interactions. 

Liquid  Crystals:  Time-resolved  EPR  studies  performed  on  P-Q's  in 
nematic  phases  of  liquid  crystals  yield  well-resolved,  spin-polarized  EPR 
spectra.  Information  of  ET  mechanisms  in  the  anisotropic  medium  can  be 
elucidated  from  the  polarization  pattern.  Moreover,  an  interesting  photoin¬ 
duced  conformational  change,  specifically  back  folding  of  the  quinone 
moiety  over  the  porphyrin,  could  be  observed  in  the  case  of  flexible 
spacers. 

References:  H.  Kurreck,  M.  Huber,  Angew.  Chem.  Int.  Ed.  Engl.,  1994,  in 
press;  L  Sun,  J.  von  Gersdorff,  D.  Niethammer,  P.  Tian,  H.  Kurreck,  Angew.  Chem. 
Int.  Ed.  Engl.,  1994,  in  press. 
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Nonlinear  Polarization  Spectroscopy  (Frequency  Domain) 


D.  Leupold'  and  P.  Hoffinann^ 

'  Max-Born-Institut  fUr  Nichtlineare  Optik  und  Kurzzeitspektroskopie 
D- 12489  Berlin,  Germany 


^Institut  fllr  Biologic,  Lehistuhl  Pflanzenphysiologie 
Humboldt-Universitat  zu  Berlin 
D- 101 15  Berlin,  Germany 


Indications  of  heterogeneity  in  the  red/NIR  absorption  spectra  of  photosynthetic  antennas  are  of 
interest  witli  respect  to  their  structural  and  functional  differentiation  and  the  role  of  possible 
''(B)Chl-forms"  in  efficient  energy  transfer.  Up  to  now,  there  are  only  indirect  indications  of 
spectral  substructures,  at  least  at  physiological  temperatures. 

We  will  report  on  a  progress  in  this  field,  based  on  the  application  of  nonlinear  polarization 
spectroscopy  in  the  frequency  domain  (NLPF)  -  a  novel  in  photosynthesis  research  three  wave 
mixing  teclinique  [1,2].  The  general  content  of  information  of  NLPF  includes 

i)  the  mode  of  absorption  band  broadening  (homogeneous;  extreme  or  moderate 
iriliomogeneous;  lieterogeneous), 

ii)  the  p.s/fs  energy  (T,)  and  phase  (Tz)  relaxation  and  spectral  diffusion  (Tj)  times, 

iii)  the  routes  of  energy  transfer, 

iv)  excitonic  interactions  and  annihilation. 

A  special  advantage  of  the  NLPF  method  with  respect  to  photobiological  problems  is  their  ap¬ 
plicability  at  physiological  temperatures. 

Here  we  report  on  NLPF  in  the  Chi  a/b  bands  of  trimeric  and  (Mg'^  -induced)  aggregated 
light-harvesting  complex  II  (LHC  II)  of  higher  plant  thylakoids  [3].  For  both  samples,  NLPF 
gives  evidence  of  heterogeneous  broadening  with  at  least  four  subbands  each.  Their  Tz  times 
are  in  the  range  of  some  10  fs.  Results  on  the  above  mentioned  subjects  ii)  -  iv)  will  also  be  dis¬ 
cussed  and  compaied  to  NLPF  results  with  LH  2  antennas  of  puiple  bacteria  [4], 
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Due  to  the  widespread  occurrence  and  high  carcinogenic  potential  of  many  PAC  their  analysis 
and  quantification  in  environmental  compartments  is  of  prime  importance.  Laser  spectroscopy 
has  been  established  as  an  important  tool  in  environmental  research.  Among  the  various 
.spectroscopic  techniques  employed,  laser-induced  fluorescence  is  distinguished  by  outstanding 
sensitivity  and  high  selectivity,  and  has  therefore  found  considerable  fundamental  and  practical 
interest.  However,  due  to  the  heterogeneity  and  opacity  of  soil  matrices,  the  qualitative  and 
quantitative  investigation  of  fluorescence  signals  obtained  from  soil-containing  environmental 
compartments  imposes  usually  considerable  experimental  difficulties. 

In  order  to  investigate  the  benefits  and  limitations  of  luminescence  analysis  in  humic  acid- 
and  soil-containing  samples  we  use  selected  PAC  as  model  fluoropliores  and  mineral  oils  as 
realistic  contaminants.  Single-  and  multi-channel  stationary  and  time-resolved  fluorescence 
measurements  were  performed  to  obtain  basic  photophysical  information  and  experimental 
data  relevant  for  the  in-situ  and  on-line  analysis  of  so=i-containing  samples.  Results  of  the 
following  investigations  will  be  presented; 


•  Investigation  of  the  quenching  of  PAC  fluorescence  by  humic  acids.  The  combination 


of  stationary  and  time-resolved  measurements  provides  insight  in  the  mechanisms  of 
fluorescence  quenching  and  in  fluorphore/humic  acid-interactions. 


LIF  measurements  directly  from  the  surface  of  soils  doped  with  model  and  mineral  oils. 
Quantitative,  relationships  between  fluorescence  intensities  and  concentrations  were  ob¬ 
tained  in  ranges  relevant  for  realistic  PAC  and  mineral  oil  contamination  of  soils. 


♦  In  situ  and  on-line  LIF-measurements  on  soil  columns  and  in  bioreactors.  The  deter¬ 
mination  of  probability  distributions  of  fluorescence  signal  intensities  yield  information 
about  the  distribution  of  the  contaminants  on  the  soil  surface  and  the  degree  of  hetero- 
geneity  in  these  systems. 


llie  results  obtained  in  these  studies  will  be  evaluated  with  regard  to  the  development  and 
application  of  in-situ  and  on-line  luminescence  analytical  methods  under  conditions  realistic 
e.  g.  for  soil  decontainination  processing. 
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A  Non-Silver  Dry-Processed  Photographic  Arts  Film 


R.  Loutfy,  M.C.  Tam,  H.  Sonnenberg  and  A.  Pundsack 
Xerox  Research  Centre  of  Canada,  2660  Speakman  Drive, 
Mississauga,  Ontario,  L5  K  2  LI ,  Canada 

Abstract 

A  new  non-silver  dry-processed  electrophotographic  imaging  film 
based  on  particle  migration  imaging  technologies  will  be  described. 

1  he  new  film  contains  a  monolayer  of  submicron-sized  (0.35  microns) 
selenium  particles  embedded  in  a  polymer  matrix.  Film  processing 
involves  brief  heating  of  the  film  which  reduces  the  viscosity  of  the 
polymer  matrix  to  allow  the  photo-exposed  charged  selenium  particles 
to  migrate  in  depth  to  yield  a  high  resolution  optical  image.  The 
imaging  material  offer  high-resolution,  laser-sensitivity  in  either  the 
blue-green  or  red  to  infra-red,  fast  dry  processing  without  any  effluent, 
room-light  handling,  excellent  shelf  life  and  image  stability.  By 
eliminating  the  wet  chemical  processing  of  conventional  silver  films, 
the  new  materials  provide  an  environmentally  friendly  alternative  for 
many  graphic  arts  applications.  In  this  presentation  the  materials,  the 
imaging  processes,  the  imaging  properties  as  well  as  their  plate-making 
and  printing  characteristics  will  be  described. 
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INTEGRATED  TECHNOLOGY  FOR  DESERT 
FARMING  WITH  SOIL  CONDITIONER  "RAPG" 

Mahmoud,  A.H.H. 

Al-Azhar  University,  Faculty  of  Agriculture, 

Botany  Department,  Cairo,  Egypt. 


The  aridity  of  deserts  is  argued  to  lack  of  water,  nature  of  soils  and 
meteorological  factors.  Nowadays  the  irrigation  technology  makes  the 
underground  water  available.  Soil  conditioner"RAPG"  changes  desert 
soil  into  arable  land.  It  grows  successfully  different  vegetables,  crops, 
todder's,  trees,  shrubs  and  ornamental  plants. 

Yet,  excessive  solar  radiation  reduces  efficiency  of  the 
photo.synthesis  and  enhances  respiration  and  transpiration.  The 
scorching  heat  at  the  long  summer  dries  soils  and  suppresses  biological 
activity  in  the  rhizosphere.  Thus,  the  productivity  is  essentially  lowered. 

To  integrate  our  technology  for  desert  farming,  we  contrived 
canopies  perennial  trees.  A  long  three  consecutive  years,  canopies  of 
pe-anut( A rac his,  hypogaea,  L.),  roselle  {Hibiscus  sabdarijfa,  L,.)  and 
^xx\\\\ovijQ.v(Helianthus  annuus,  L.)  as  well  as  others  have  been 
investigated.  Although  three  crops  are  gained  per  unit  area  within  the 
season  the  productivity  of  each  one  has  increased  by  10-15%  as 
compared  with  being  alone  in  the  same  area. 

This  is  besides  evident  conservation  of  moisture  and  buildup 
efficacious  biological  fertility.  Detailed  technology  is  described.  It  is 
highly  economic  and  renders  farming  of  desert  greatly  profitable. 
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MECHANISM  OF  PHOTOCATALYTIC  HYDROGEN  PRODUCTION 
IN  THE  Pl/TiOg/OXALIC  ACID  SYSTEM 

Evgenij  A,  Malinka  and  Gerbert  L.  Kamalov 

Department  of  Catalysis,  Physico-Chemical  Institute, 
National  Academy  of  Sciences  of  Ukraine, 
Chernomorskaya  doroga  86,  270080  Odessa,  Ukraine 


Hydrogen  evolution  from  the  aqueous  Pt/TiOg  suspensions  in 
the  presence  of  an  electron  donor  D  is  described  by  the  scheme: 

TiOg  +  hr  - .  +  hvB+ 

®CB  ^  2  H"*^  — ^ — i-  Hg 

hye’^  +  D - Dqj^  , 

meTQ  is  a  conduction  band  electron  and  hyg'*'  Is  valence  band 
hole. 

We  found  that  the  photo-induced  dissolution  of  TiOg  In  the 
presence  of  oxalic  add  as  donor  changes  above  mechanism  [U. 
Titanium  (ill)  oxalate  TiCIlDox  (the  product  of  the  dissolution) 
takes  part  in  hydrogen  evolution: 


TiCIVlox  — V  TiCIIDox 

2  TiCmiox  +  2  ^  TiCIVlox  +  Hg 

2  liCIIIlox  +  2  — >-  TiCIVlox  +  Ho 

2 

1.  E.A.  Mallnlta  and  G.L.  Eamalov.  React. Klnet.Catal. Lett. ,  1994..- 
52,  No.l .“  P. 13-18;  J.Photochem.Photoblol.A. ,  in  the  press. 
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PHOTO-INDUCED  OXIDATION  OF  PYROCATECHOL 
OVER  TITANIUM  DIOXIDE 

Elena  V.  Malinka,  ^  Evgenij  A.  Malinka,^  Gerbert  L.  Karaalov  ^ 

^  Department  of  Analytical  Chemistry, 

Odessa  State  Academy  of  Foods  Technologies, 

Sverdlova  str.  112,  270039  Odessa,  Ukraine 

2 

Department  of  Catalysis,  Physico-Chemical  Institute, 
National  Academy  of  Sciences  of  Ukraine, 
Chernoraorskaya  doroga  86,  270080  Odessa,  Ukraine 

The  photocatalytio  degradation  of  organic  pollutants  over 
the  semiconductors  is  a  promising  method  for  water  purification. 
The  moat  active  and  stable  semiconductor  for  this  purpose  Is 
titanium  dioxide.  Some  pollutants  or  the  Intermediate  products  of 
their  photooxldatlon  can  form  the  charge  transfer  surface 
complexes  CTSC  with  the  surface  titanium  ions  of  the  TlOs 
particles.  CTSG  of salicylic  acid  on  TlOa  changes  the  kinetics  of 
> the .ligand  photooxldatlon  C1 ] .  Recently  we  have  found  that  the 
CTSC  with  some  ligands  -  electron  donors  effect  on  photocatalytio 
hydrogen  production  from  the  aqueous  Pt/TlOa  dispersions  [2]. 

Here  we  studied  the  photo-induced  transformation  of 
pyrooatechol  PC  over  TlOs .  The  titanium  ions  is  known  to  form 
with  PC  brown  colored  the  charge  transfer  complex  In  aqueous 
solutions.  The  TlOa  surface  is  became  yellow  brown  at  addition  of 
PC  to  the  aqueous  TlOa  suspension  owing  to  the  CTSC  formation  on 
TlOa.  The  diffuse  reflectance  spectrum  of  dry  TlOa  powder  with 
chemisorbed  pyi'ocatechol  PC/TlCfe  exhibits  a  broad  band  in  the 
visible. 

Irradiation  of  aqueous  PC/TlOa  suspension  by  light  of  xenon 
lamp  changes  the  color  of  the  semiconductor  surface  to  dark  brown 
or  black  brown.  This  product  of  the  photo-induced  transformation 

of  PC  was  attributed  to  phenolic  oligomers  "artificial  humic 
acids”. 

1 .  S,  Tunesl,  M.  Anderson,  J.Phys.Chem. ,  95  (1991)  3399. 

2.  E.A.  Maltoka,  G.L.  Kamalov,  J.Photoohern.Photoblol. ,  In  press. 
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PHOTOCHROMIC  MATERIALS:  A  COMPREHENSIVE  KINETIC, 
THERMODYNAMIC  AND  PHOTOCHEMICAL  STUDY 


Ugo  Mazzucato 

Dipartimento  di  CJiimica  -  Universild  di  Perugia  - 1-06123  Perugia,  Italy 


Photochromism,  that  is  the  photoinduced  reversible  transformation  of  a  chemical 
species  ir  Lo  another  one  having  a  different  absorption  spectrum,  has  raised  great  interest 
over  tile  last  decade  because  of  the  molteplicity  of  actual  or  potential  applications. 

In  this  work,  some  spiroindoline-oxazine  (SO,  colourless)  <->  photomerocyanine 
;'PM,  coloured)  systems  have  been  investigated  with  the  aim  to  answer  several  questions: 

-  Which  is  the  colour  of  PM  and  how  is  it  influenced  by  stiuctural  and  environmental 
factors  ? 

-  Hew  important  is  thermochromism  and  how  is  it  affected  by  the  solvent  and  structure  7 

-  How  fast  is  the  thermal  bleaching  and  how  much  is  it  temperature  dependent  ? 

-  Is  it  possible  to  give  a  quantitative  evaluation  of  "colourability"  under  pulsed  or  steady 
state  irradiation  ? 

-  How  can  the  sensitivity  of  these  materials  be  shifted  towards  the  solar  spectrum  ? 

-  Which  is  the  durability  of  these  systems  ? 

Answering  these  questions  means  a  complete  understanding  of  the  photochromic 
properties  of  these  molecules.  This  required  to  determine  solvent  spectral  shifts  of  tlie 
PM  colour  absorption  band  (solvatochromism),  to  measure  thermodynamic  (equilibrium 
constant,  enthalpy,  entropy)  and  kinetic  (rate  coefficient,  activation  energy,  frequency 
factor)  parameters  of  the  reaction,  to  evaluate  the  PM  molar  absorption  coefficient  and  the 
photorcaction  quantum  yield,  to  investigate  the  possibility  to  photosensitize  the  reaction 
utilizing  lower  energy  light  and  to  study  the  mechanisms  of  the  photodegradative 
processes. 

The  results  obtained  give  an  overall  picture  of  the  physico-bhemical  and 
photophysical  properties  of  these  systems  and  help  to  find  criteria  to  test  them  with 
respect  to  potential  applications. 
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PHOTORADICAL  AGEING  OP  SOLID  POLYMERS 
M.Ya.Mel'nlkov,  E.N.Seropeglna  and  V.I.Perguschov 
Department  of  Cliemlstry,  Moscow  State  University,  Moscow 

119899,  Russia 

In  this  communications  concerning  different  carbon-chain 
and  hetero-chain  polymers  we  would  like  not  only  provide  Infor¬ 
mation  on  the  basic  mechanisms  of  reactions  of  electronically 
excited  radicals  and  radical  anions  but  to  show  how  these  pro¬ 
cesses  can  affect  the  molecular  weight  and  functional  composi¬ 
tion  of  polymers. 

New  data  referring  to  the  mechanism  and  quantum  efficiency 
of  electronically  excited  raacroradlcals  and  radical  anions  re¬ 
actions  In  various  carbon-  and  hetero-chain  polymers  at  tempe¬ 
rature  below  glass  transition  or  melting  points  are  presented 
and  discussed.  Basic  mechanisms  of  radicals  photochemical  reac¬ 
tions,  Including  new  data  on  the  mechanism  of  photochemical  re¬ 
acts '>ns  of  peroxide,  allyl,  polymethyl  methacrylate  end  macro¬ 
radicals,  obtained  with  the  use  of  matrix  Isolation  on  the  ac¬ 
tivated  silica  sTn?facp.  method,  the  effect  of  various  factors 
(photon  energy,  free  volume,  molecular  organization  of  the  me¬ 
dium,  Including  different  degree  of  crystallinity)  on~the  di¬ 
rection  and  efficiency  of  electronically  excited  macroradicals 
reactions  are  considered. 

The  Important  role  of  photochemical  chain  reactions  In 
photoageing.  Including  photooxldatlon  of  polymers  (polystyrene) 
Is  demonstrated.  Data  concerning  photoradical  chain  length  In 
different  polymers,  their  dependence  on  the  photolysis  time  are 
presented.  Based  on  the  method  of  statistical  testing,  such  pa¬ 
rameters  of  the  photoradical  chain  reaction  as  the  chain 
length,  distance  of  the  elementary  migration  of  the  radical 
centre,  recombination  radious  of  radicals  are  determined. 

It  was  found  that  by  varying  photon  energy,  temperature, 
photolysis  time  and  taking  advantage  of  competition  between 
thennal  and  photochemical  reactions.  It  Is  possible  to  change 
the  functional  composition  and  molecular  weight  distribution  of 
polymers . 

Authors  thank  Russian  Basic  Research  Foundation,  project 
93 ■  93-18051 ,  for  financial  support. 
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PHOTOINDDOED  INTRAMOLEOUIAR  CHARGE  SEPARATION  IN  MIXED  LIGAND 
DITHIOLATO  -  a,a'-DIIMINE  ZINC  COMPLEXES 
M.Ya.  Mel'nikov,  A.Z.Nol,  A.M.  Galln  and  Yu.V.  Razskazovskll 
Department  of  Chemistry,  Moscow  State  University,  Moscow, 

119899,  Russia 

Emission  properties  in  tlie  series  of  complexes 
(4-X-CgH^S)2Zn(phen)  in  frozen  solutions  were  found  to  be  dra¬ 
stically  dependent  on  the  nature  of  para-subs tltuent  In  the 
phenylthiolate  ligand  [1].  The  emission  from  the  both  phenan- 
troline  localized  Intrallgand  (IL)  and  charge  separated  ligand 
to  ligand  (LLCT)  triplet  states  was  observed  for  X  =  H,  Me  and 
Bu  substituted  complexes,  methoxy-substltuted  one  emits  only 
from  LLCT  state  and  Me2N  -  substituted  complex  Is  not  lumines¬ 
cent.  The  both  emitting  states  were  shown  to  be  populated  from 
the  lowest  LLCT  singlet  excited  state  as  they  have  the  same 
excitation  spectra  within  LLCT  absorption  region.  The  llfe- 
tlnies  of  :,uppery..lylng  IL  states  are  of  0.2  s  order  and  don’t 
depend  on  subq:|^||p|.:nature  or  temperature  Indicating  the  ab¬ 
sence  of  themaiiy  activated  radiationless  decay  processes  In¬ 
volving  the  coupling  with  lower  lying  LLCT  states.  The  IL 
state  population  quantum  yields  estimated  by  ESR  technique  at 
7T  K  were  found  to  be  0.6  and  0.07  for  H-  and  alkyl-substitu¬ 
ted  complexes  Independently  on  allcyl  group  volume.  They  are 
decreased  with  temperature  and  9.2  and  6.7  kJ/mol  activation 
energies  assigned  to  thermally  activated  nonradlatlve  relaxa¬ 
tion  processes  In  LLCT  singlet  states  have  been  measured. 
Nom'adlatlve  relaxation  In  triplet  LLCT  states  also  was  found 
to  be  thermally  activated  with  a  tendency  to  lowering  the 
corresponding  activation  energies  from  14.2  kJ/mol  (X=H)  to 
1 .8  kJ/niol  (X=Me0)  along  with  the  growth  of  p-substltuent 
electron  donating  ability. 

It  was  shown  that  the  dlthlolate-dllmine  zinc  complexes 
with  3,4- toluenedlthlolate  (tdt)  donor  ligands:  (tdt)Zn(bpy), 

( tdt )Zn(phen) ,  (tdt)Zn(blqu)  liave  no  luminescence  nor  In  the 
liquid  solution  at  298  K  neither  In  the  glassy  solution  at  77 
K  because  LLCT  transition  Is  lowest  In  ehergy  and  symmetry 
forbidden. 


87 


LLCT  states  In  solution  are  subjected  to  dissociation  on 
arylthlyl  radical  and  reduced  zlnc-phenantrollne  moiety  as  It 
was  stated  by  using  of  flash  photolysis  and  ESR  spin  trapping 
techniques  [2].  Such  a  process  is  considered  to  be  responsible 
for  thermally  dependent  nonradlatlve  decay  channels  In  frozen 
solutions.  Two  models  were  Involved  to  explain  an  unusual  dual 
luminescent  properties  of  some  complexes  In  solid  solutions: 
one  taking  Into  account  possible  structural  nonequivalence  le¬ 
ading  to  variances  In  excited  states  order  of  emitting  spe¬ 
cies,  and  the  other  based  on  a  considerable  difference  In  IL 
and  relaxed  LLCT  triplet  states  geometries  leading  to  high  ac¬ 
tivation  energies  for  intramolecular  electron  transfer.  In  the 
frames  of  both  models  substituent  effects  may  be  connected 
with  the  possibility  of  Interllgand  three-electron  bonding 
between  thlolate  ligands  stabilizing  LLCT  states  towards  dis¬ 
sociation. 

. It  has  been  found  experimentally  that  excitation  of  comp¬ 
lexes  with' tdt  donor'’' ligands  In  the  presence  of  methyl  vlolo- 
gen  In  degassed  dlmethylformamlde  solution  leads  to  the 

photolnduced  electron  transfer: 

(tdt)Zn(phen)*  +  {tdt)Zn(phen)’^‘  +  MV"^’ 

Flash  photolysis  experiments  Intimate  that  decay  of  MV"^* after 
the  flash  Is  uncomplete.  We  assumpted  that  back  electron  tran¬ 
sfer  compete  with  the  irreversible  decay  on  the  oxydlzed  form 
of  the  complex.  The  solution  of  the  corresponding  equations 
written  under  assumption  that  both  reactions  are  blmolecular 
and  dlffuslonally  controlled  with  the  equal  rate  konstants  k 
gives:  Q  +  ln(1  -  Q)  =  k  [MV''*]^t  +  const.,  Q  =  [MV'*'* V/CMV*"' ] 
Experimental  data  depicted  In  the  coordinates  Q  +  ln(1  -  Q)  vs 
t  lay  on  the  straight  line  rather  well. 

Authors  thank  Russian  Foundation  of  Basic  Research, 
project  93-03-5916,  for  financial  support. 
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Pulsed  laser  Ablation:  Thin  Filni  Production  and  Coating,  Process  Diagnostics 
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i 

Abstract 

Pulsed  laser  deposition  (PLD)  has  been  largely  applied  for  the  fabrication  of  thin  film  deposits 
of  a  variety  of  materials.  This  technique  has  been  used  successfully  to  prepare  dielectric, 
semiconductor  and  high  temperature  superconducting  thin  films.  Various  stages  characterize  the 
process  of  film  preparation  by  laser  ablation  [1].  The  process  starts  with  coupling  of  the  high  flux  of 
the  laser  electromagnetic  radiation  into  the  solid  surface  and  ends  with  particles  (vapor  species) 
release  and  deposition.  The  initial  mechanisms  describing  the  laser-solid  interaction  may  be  defined 
basically  as  thermal  or  electronic,  depending  to  a  large  extent  on  the  laser  fluence.  Other  sub- 
categories  are  also  reported  in  the  literature.  Secondary  mechanisms  include  all  processes  dealing 
with  transport  of  the  material  ejected  from  the  target  [1,2].  Information  gained  from  the 
measurement  of  the  gasdynamics  of  the  plasma  plume  travelling  to  the  substrate  will  certainly 
improve  the  ability  to  produce  quality  thin  films.  The  study  of  the  formation  and  composition  of  the 
plume  by  means  of  in  situ  optical  techniques  and  molecular  beam  mass  spectrometry  is  relevant  to 
this  purpose. 

The  pulsed  laser  produced  plasma  plumes  from  AIN  targets  have  been  studied  by  spatially  and 
temporally  resolved  optical  spectroscopy,  fast  intensified  CCD  imaging  and  quadrupole.These 
techniques  were  used  to  monitor  plume  species  gas  dynamics  during  pulsed  laser  deposition  of  AIN 
and  thin  film  preparation.  The  species  formed  by  laser  ablation  in  vacuum  have  also  been  measured 
by  molecular  beam  mass  spectrometry  of  the  expanded  plume. 
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PHOTOLYSIS  OF  TRIAZENE-l-OXIDEs' 
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Photolysis  of  the  1,3-dipolar  triazene-l-oxides  la-d  using 
a  125-Watt  high  pressure  mercury  lamp  in  different  solvents, 
cyclohexane,  ethanol  and  benzene  led  to  their  decomposition. 

In  cyclohexane,  irradiation  of  la-d  afforded  2- 
bydroxyazobenzene  2  (7.3-10%)  as  well  as  the  biaryls  3a-d  (14.8- 
17.9%)  (see  Fig.  1).  However,  their  photolysis  in  benzene  gave 
beside  2-hydroxyazobenzene  2  (11.7-14.6%)  and  biaryls  3a-d,  the 
biaryls  4a-d  (53.1-  58%)  as  major  product.  On  the  other  hand,  2- 
hydroxyazobenzene  2  (72.5-84.6%)  and  the  arenes  5a-d  were 
produced  from  irradiation  of  la-d  in  ethanol. 


1)  A.  M.  Nour  EL-Din,  A.  A.  Hassan,  S.  K.  Mohamed,  F.  F.  Abedel 
latief  and  H.  A.  Elfahham,  Bull.  Chem.  Soc.  Jpn. ,  65,  553- 
558,  (1992). 
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THE  DYNAMICS  OF  EXCITONS  IN  THE  J-AGGREGATES  OF  A 

CARBOCYANINEDYE 

J.MOLL 

BAM,  RUDOWER  CHAUSEE  5,  HAUS  8.15 
D-12489  BERLIN-ADLERSHOF,  GERMANY 


PHOTOLYTIC  REARRANGEMENTS  OF  OXAZRIDINES 


Alan  J.  Post  and  Harry  Morrison 

Department  of  Chemistry,  Purdue  University 
West  Lafayette,  Indiana  47907-1393  USA 

2~Isobutyl-l,2-oxazaspiro[2.5]octaiie  has  been  photolyzed  in  the  presence  of  several 
aioiralic  potential  sensitizers  (anisole,  toluene,  N,N-dimethylaniline,  benzonitrile)  in  hexane  and 
acetonitrile  using  254  nm  light.  All  four  aromatics  sensitize  rearrangement  of  tlie  oxaziridine  to 
a  lactam  (eqn  1),  v/itli  rate  constants  for  sensitization  in  the  range  of  0.1  to  2  x  10‘®  M''scc  ‘. 
Tliere  is  no  obvious  dependence  of  the  rate  constants  on  sensitizer  ionization  potential  or  solvent 
polarity.  Quencliing  studies  indicate  that  this  is  a  singlet  derived  process,  as  seen  by  a  shortening 

hv 

254  nm 

- - - »» 

solvent  . 

of  the  toluene  singlet  lifetime  in  tlie  presence  of  the  title  compound.  The  endotherinic  energetics 
for  such  energy  ti-ansfer  requires  the  involvement  of  a  "nonvertical"  process. 

Triplet  sensitization  of  the  oxiiziridine  using  benzophenone  in  Iiexane  gives  the  open  chain 
amide  as  the  primary  pliotoproduct  (eqn  2).  Using  triplet  sensitizers  in  which  the  lowest  lying 
triplet  state  is  switched  Ironi  n,rt*  to  7r,n:‘  indicates  that  a  "biradictil"  n,7r*  state  is  required  for 


hv 

benzophenone 
?»,  >  330  nm 


(2) 


this  rearrangement  to  occur.  Refluxing  the  oxaziridine  in  tlie  presence  of  a  radical  initiator  in 
isopropanol  (generating  the  dimethylhydroxycarbinyl  radical)  also  gives  the  amide.  The  use  of 
solvents  other  than  isopropanol  results  in  no  loss  of  the  oxaziridine.  From  this  evidence  it  is  clear 
that  triplet  energy  transfer  is  not  the  mechanism  for  the  formation  of  amide,  but  rather  a  chemical 
sensitization  occurring  in  the  ground  state. 

In  addition,  we  will  present  results  of  a  study  of  a  steroid  containing  a  light  harvesting 
chromophore  at  the  3  position  and  an  oxaziridine  at  the  17  position. 
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Photochemical  Synthesis  of  I'etrahridged 
Cyclophane 


Aboul-lelouh  H.  Mourad«  and  H.  Hoplb 

«  Chemistry  Dcpartmeul,  Faculty  of  Science,  El-Minia  University, 

Kl-Minia,  iigypt. 

b  Institute  of  Organic  Cliemistiy,  Braimschweig  University, 
Ilcigeniing,  30,  38106-Braunschweig,  Germany. 


Since  tlie  discovejy  of  the  parent  cyclophane  i  in  19491,  the 
synthesis  of  niullibridgcd  cyclophanes  has  attracted  attention  of  many 
investigators.  With  the  synthesis  of  [2(;](1,2,3,4,5,6)  cyclophane2,3  Q, 
supeiphane)  all  of  the  possible  isomers  of  the  [2„]  series  of  cyclophanes 

are  known. 


The  present  study  describes  the  synthesis  of  tetrabridged 
c}c  op  lane  7  by  traiisformation  of  3  into  the  corresponding  aldehydes 
tollowed  by  condensation  with  p-toluenesulfonyl  liydrazide  then 
irradiation  with  500  W  Vitahix  lamp.  Construction  of  the  ethano-bridges 
lias  been  achieved  via  carbene-inserstion  reaction. 
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THE  PHOTOCHEMICAL  REACTION  OF  DIBROMO-N- 
METHYLMALEIMIDE  WITH  l-PHENYL-2-METHYL-I,2-DIIIYDRO- 

3,6-PYRIDAZINEDITHIONE 

A.A.  Nada,  S.T.A.  Gab-Alla  and  M.F.  Zaycd 
National  Research  Centre,  Dokki,  Cairo,  Egypt. 

Irradiation  of  a  mixture  of  l-phenyl-2-methyl-l,2-dihydro-3,6- 
pyrida/inedithione  ( I ),  dibroino-N-melhyinialeimide  ( II ),  10  mg  ol  benzophenone, 

and  acetone  in  a  pyrex  vessel  (  k  >  313  nm  )  for  30  hrs  using  a  high  pressure  Hg 
lamp  ( Philips  HPK  125  W )  afforded  III,  IV  and  V  which  were  identified  by  analytical 
and  spectroscopic  toots.  The  Ifl-NMR  spectrum  of  impound  III  reveals  the  presence 

of  two  doublets  centered  at  ft  =  3.65  and  ft  =  3.85  ppm  due  to  the  two  hydrogen 
protons.  Compound  III  which  has  a  cyclobutane  ring  is  expected  to  be  formed  by  a 

mechanism  including  f  re  ^s  +  jr  -*  4  ]*. 


V 

in/z  =  202  [M"^] 


(±)R.  Huisgen,  R.  Grashey  and  J.  Sauer.,  The  Chemistry  of  Alkcnes,  p.  788, 
Intcrscicncc,  New  York  1964. 
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PHOTOELECTROCHEMICAL  BEHAVIOR  OF  COUPLED  Sn02/CdSe 

SEMICONDUCTOR  FILMS 

Chouhaid  NasrL  Idriss  Bedja^  Surat  Hotchandanil  and  Prashant  V.  Kamat2 

1  Centre  de  recherche  en  photobiophysique.  University  du  Quebec  k  Trois-Riviyres, 
C.P.500,  Trois-Riviyres  (Quebec),  Canada,  G9A  5H7. 

2  Radiation  Laboratory,  University  of  Notre  Dame,  Notre  Dame,  IN.,  46556,  USA. 

In  recent  years,  considerable  interest  has  been  shown  in  the  synthesis  of  thin 
semiconductor  films  by  electrochemical  and  chemical  deposition  as  well  as  direct 
deposition  of  colloidal  semiconductors  L2,3  fQj-  conversion  of  solar  energy  into 
electricity  and  chemical  energy.  However,  one  of  the  major  problems  in  utilizing  these 
thin  semiconductor  films  in  photoelectrochemical  cells  is  the  absence  of  a  space  charge 
layer  at  the  semiconductor-electrolyte  interface.  Under  these  circumstances, 
photogenerated  charge  carriers  can  travel  in  both  directions  and  can  lead  to  the' 
photogenerated  electrons  with  holes  instead  of  flowing  in  the  external 
i^f^^^sting  approach  in  achieving  efficient  charge  separation  in  a 
seiiiiconduclor  particulate  system  involves  coupling  two  semiconductors  particles  with 
suitable  energy  levels^'^,  vye  have  utilized  this  concept  to  develop  coupled  Sn02/CdSe 
semiconductor  films  and  have  studied  their  photoelectrocliemical  behavior. 

Ihe  nanocrystalline  Sn02  thin  film  electrodes  have  been  prepared  by  coating  the 
conducting  surfaces  of  optically  transparent  electrodes  (OTE)  with  colloidal  SnOz 
semiconductor  pai'ticles^  (diameter  3nm).  The  thin  CdSe  films  were  electrochemically 
deposited  onto  bare  OTE  and  SnOi-colloid-deposited  OTE  (0TE/Sn02)  electrodes  using  a 
Se02 -based  bath^. 


The  incident  photon-photocurrent  efficiency  (IPCE)  of  0TE/Sn02,  OTE/CdSe  and 
0TE/Sn02/CdSe  electrodes  are  plotted  in  the  figure  1.  Since  Sn02  is  a  large  bandgap 
semiconductor  (Eg  =  3.8  eV),  it  can  only  be  excited  with  the  UV  light.  When  coupled  with 
CdSe,  its  photoresponse  extends  into  the  visible  (up  to  700  nm).  Moreover,  the  results 
from  this  figure  show  that  the  coupling,  indeed,  increases  the  charge  separation  (IPCE 
increases  from  9%  for  OTE/CdSe  to  1.5  %  for  OTE/ Sn02 /CdSe).  The  principle  of  charge 
separation  in  such  a  system  is  shown  in  Scheme  1.  Upon  optical  excitation  of  CdSe,  the 
photogenerated  electrons  are  quickly  transferred  from  excited  CdSe  (Ecb  =  -100  V  vs 
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external’  drrur”  '^'"®  induction  band  of  a  SnOj  (Ecb  =■  0  V  vs  NHE)  and  thence  to  the 


10 

8 

&  ^ 


Figure  1 
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0TE/Sn02/CdSe 


OTE/CdSe 


0TE/Sn02 


Scheme  1 
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IfeicMt  f  ““  voltammetry  of 

r.  /  H  p  *’"*  °™  OTE/CdSe  electrodes  exhibit 

Lvcrsi  e  eye  ic^yoitammetry  peaks  _qorresponding  to  the  oxidation  of  [FetCNk]*-  and 

reduetion  °f  (WCN)sP  and  henee  indicating  a  free  flow  of  electrons  in  both  directions. 

owe.er  OlE/SnOj/CdSe  electrode  behaves  differently  with  no  characteristic  redox 

c  results  suggest  that  the  coupling  of  Sn02  results  in  the  suppression  of 

OTF  -rn  r  ,rT‘*  The  pholoelectrochemical  performance  utilizing 

CIE,  SnOz/CdSe  eiectrode  has  also  been  evaluated  and  net  conversion  efficiency  of  2  % 

XloiooLr'Tu  With 

kailoiophyll  and  other  pigments. 

References: 

1  S,  Hotchandani  and  P.V.  Kamat,  J.  Phys.  Chem.,  96,  6834  (1992). 

2  1.  Bec^a,  S,  Plotchandani  and  P.V.  Kamat,  J.  Phys.  Chem.,  98  4133  (1994). 

3  K.  Rajeshv/ar,  Adv.  Mater.,  4,  23  (1992). 

4  D.  Liu  and  P.V.  Kamat,  J.  Phys.  Chem.,  97,  10769  (1992). 

Ackno  wiedgmen  ts : 

ms  work  has  been  supported  by  the  Natural  Sciences  and  Engineering  Research  Council 
of  Canada  and  by  the  Office  of  the  Basic  Energy  Sciences  of  the  US  department  of  Energy. 


97 


LOW  FREQUENCY  CAPACITANCE  MEASUREMENTS  OF 

Aluminum/microcrystalline  chlorophyll  ^/silver 
SANDWICH  CELLS 

Chouhaid  Nasr^.  Surat  Hotchandanil  and  Roger  M.  Leblanc^'2 

1  Centre  de  recherche  en  photobiophysique,  University  du  Quebec  k  .Trois- 
Riviferes,  C.P.500,  Trois-Riviferes  (Quebec),  Canada,  G9A  5H7. 

2  Department  of  Chemistry,  University  of  Miami,  P.O.  Box  249118,  Coral 
Gables,  FL,  33124-0431,  USA. 

The  capacitance  measurements  of  aluminum/microcrystalline  chlorophyll 
a/ silver  sandwich  cells  have  been  carried  out  at  various  frequencies  in  the  dark 
and  under  illumination  using  low  frequency  oscillographic  technique.  The 
results  in  dark  show  that  the  capacitance,  C,  is  practically  independent  of  the 
applied  voltage,  V,  at  frequencies  higher  than  10  Hz.  However,  as  the 
frequency  decreases,  thet:apacit'ance  begins  to  show  dependence  on  the  voltage, 
and  a  behavior  characteristic  of  Schottky  depletion  layer,  i.e.  a  linear  1  /C^  vs  V 
plot,  can  be  seen  at  0.1  Hz.  The  reason  for  this  is  the  fact  that  the  charges 
responsible  for  the  depletion  layer  are  mainly  trapped  charges.  It  should  be 
mentioned  that  in  the  fabrication  of  Chi  a  cells,  Chi  a.  employed  is  in 
microcrystalline  and  not  in  monocrystalline  form.  It  is  thus  possible  that  there 
are  present  a  large  number  of  structural  imperfections  that  act  as  traps  thus 
immobilizing  the  charges  temporarily  or  permanently.  So,  when  the 
capacitance  measurements  are  made  at  higher  frequencies,  the  charges 
responsible  for  the  depletion  layer  are  not  able  to  follow  the  rapid  variations  in 
the  applied  voltage.  Consequently,  only  the  voltage-independent  geometric 
capacitance  (Chi  a  behaving  as  a  dielectric)  is  observed.  However,  when  the 
frequency  is  decreased  and  falls  within  the  response  time  of  trapped  charges, 
the  voltage-dependent  capacitance  begins  to  appear. 

While  the  capacitance  is  voltage-dependent  in  dark  at  1  Hz,  the  linear  l/C^  vs 
V  plot  is  not  observed;  however,  illumination  with  monochromatic  light  of 
adequate  intensity  yields  a  linear  l/C^  vs  V  plot  characteristic  of  a  Schottky 
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depletion  layer.  Although,  the  exact  mechanism  by  which  light  is  able  to  bring 
the  response  time  of  the  trapped  charges  within  the  time  variation  of  the 
applied  voltage  is  not  well  understood,  it  is  possible  that  the  light  supplies  the 
necessary  energy  to  detrap  the  charges.  The  free  charges  are  then  able  to 
respond  to  the  variation  in  the  applied  voltage,  and  the  capacitance  measured 
is  that  of  the  Schottky  depletion  layer.  It  should  be  remarked  that  when  the 
frequency  of  applied  voltage  is  low,  the  intensity  of  the  light  required  to  obtain 
a  linear  l/C^  vs  V  plot  is  also  low.  This  is  due  to  the  fact  that  at  low 
frequencies,  a  large  number  of  charges  are  already  able  to  follow  the  changes  in 
applied  voltage,  and,  thus,  only  a  little  amount  of  light  is  needed  to  mobilize 
the  remainder  of  the  charges.  However,  when  the  frequency  is  high,  a  large 
fraction  of  the  charges  fails  to  respond,  and,  as  a  result,  relatively  intense  light 
is  needed  to  mobilize  the  greater  number  of  trapped  charges. 

The  ageing  of  the  cell  in  ambient  air  has  been  found  to  have  dramatic  effect  on 
the  capacitance  characteristics  of  the  cells.  The  diffusion  of  oxygen  and  the 
presence  of  water  vapor  are  most  probably  responsible  for  an  inhomogenous 
space  chaige  developing  within  the  depletion  layer  with  time. 
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PHOTODEGRADATION  OF  BUTYLTIN  COMPOUNDS  IN  WATER: 
ENVIRONMENTAL  IMPLICATIONS 


J.A.Navio 

Institute  cle  Ciencia  de  Materiales  de  Sevilla.  Centro  Mixto  CSIC- 
Universidad  de  Sevilla  and  Dpto.  de  Q.uimica  Inorgdnica,  Facultad  de 
Qulmica.  Universidad  de  Sevilla,  41012-Sevilla,  Spain. 


ABSTRACTiTin  has  a  larger  number  of  its  organometallic  derivatives 
in  commercial  use  than  any  other  elements.  Particularly,  tributyltin 
(TBT)  compounds,  have  come  to  have  widely  used  as  wood 
preservatives  and  antifouling  paints,  i.e.  in  preventing  the  attachipent 
of  water  organism  in  inmersed  structures  in  sea  water  and  fishpond 
factories. 

Althought  inorganic  tin  compounds  are  basicaily  not  harmful,  some 
organotin  species  ,are  very  toxic  to  both  animal  and  vegetable  life. 
Thus,  "very  low  levels  of  TBT,  about  1  ugL'l,  are  lethal  or  causes 
reduced  growth  and  reproduction  of  commercial  shellfish.  Since  a  few 
years,  increasing  concern  has  arisen  about  the  impact  of  TBT  and  its 
degradation  products  in  the  aquatic  environment.  This  concern  has 
resulted  in  several  studies  of  the  photodegradation  of  TBT  in  natural 
sunlight  on  the  surface  of  waters  and  sediments. 

Although  studies  have  proved  the  positive  effect  of  UV-illumination  on 
environmental  degradation  of  butyltin  compounds,  however  this 
process  has  its  limitations.  The  maximum  absorption  wavelenght  of  • 
butyltin  compounds  are  within  the  UV  region  190-290  nm. 
Consequently,  TBT  species  are  degraded  very  slowly  by  natural 
sunlight.  Moreover,  the  UV-photodegradation  of  TBT  leads  to  the 
formation  of  partially  oxidized  products  from  the  organic  groups 
attached  to  the  tin  atoms.  Accordingly,  new  methods  must  be 
developed.  Heterogeneous  photocatalysis  has  shown  to  be  an  attractive 
process  for  the  degradation  of  many  pollutants.  Powdered  titanium 
dioxide,  Ti02,  is  one  of  the  most  promising  photocatalyst  for  the 
detoxification  of  organic  or  inorganic  contaminants  in  the  aquatic 
environment. 

This  lecture  will  be  concentrated  on  a  comprehensive  account  of  the 
fate  of  butyltin's  photodegradalion  in  environmental  water  by  both 
UV-photolytic  and  Ti02-photocatalytic  processes. 
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Femtosecond  Idnetics  of  chlorophyll  a  aggregates  and  chlorosomes. 


J.A.I.  Oksanen,  O.V.  Lobanov  and  J.E.I.  Korppi-Tommola 

Department  of  Chentistry,  University  of  Jyvflskylfl,  P.O.  Box  35 
FIN-40351,  Jyvaskylft,  Finland 


We  describe  one-color  femtosecond  pump  and  probe  experiments  performed  around 
750  nin  for  Clila-water  aggregates  in  3-methylpentane  and  in  hexane  solutions  as  well 
as  for  Clorobitini  lepidum  chlorosomes.  We  have  used  an  amplified  Tiisapphire  fs- 
laser,  which  operates  at  I  kHz  repetition  rate.  Also  frequency-doubled  Soret  band 
excitation  and  fundamental  probing  was  used  to  study  the  above  systems.  The 
observed  kinetics  shows  a  very  fast  non-exponetial  initial  component  of  about  500  fs 
for  all  samples  studied.  The  origin  of  tliis  relaxation  process  is  presently  not 
understood.  Solvent  effects,  colierent  effects  and  coupling  to  low  frequency  hydrogen 
bonding  modes  may  be  involved.  We  have  put  some  effort  in  trying  to  get  reliable 
kinetic  constants  on  the  above  fast  kinetics.  If  too  many  exponential  components  to  fit 
the  signal  are  needed  the  outcome  of  the  fitting  procedure  may  strongly  depend  on  the 
intial  gues.s  parameters.  The  errors  of  the  each  individual  decay  time  and  of  the 
amplitudes  may  become  large.  We  have  used  two  different  convolution  progragms  to 
evaluate  kinetic  constants  from  the  obsei'ved  and  apparently  multiexponential  decay 
signals.  One  is  a  commercial  Global  Analysis  program  package  and  the  other  is  our 
own  statistical  multiexponential  (from  200  to  1000  components)  program.  The  rising 
pai  t  of  the  signal  was  symmerized  and  used  as  an  instrumental  function.  The  results 
obtained  by  using  the  two  convolution  methods  will  be  discussed. 
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NOVEL  VACUUM-UV-  (VUV)  AND  UV-EXCIMER  FLOW  THROUGH 
PIIOTOREACTORS  FOR  WASTE  WAIFJt  TREATMENT  AND  FOR 
WAVELENGTHS  SELECTIVE  PHOTOCHEMISTRY 

i;  Qinxnlaiider,  G.  Bnwn,  W.  Egle  niid  T.  Hcnnig,  Fachhochschule  Furtwangeii 
(Schwarzwald),  Department  of  Chemical  and  Biochemical  Engineering,  Jakob-Kienzle- 
Str.  17;  D-78054  VS-Schwenningen  (Germany). 

Incoherent  VUV/UV-excimer  sources  |1J  can  be  designed  as  flow  through  photoreactors 
12]  with  positive  geometry  of  radiation.  The  typical  setup  of  a  VUV/UV-excimer  flow 
through  photoreactor  consists  of  a  cylindrical  quartz  tube  which  is  surrounded  by  a  her¬ 
metically  sealed  annular  discharge  gap  containing  the  excimer  gas  or  gas  mixture.  Excimer 
lornialion  and  subsequent  VUV/UV-cmission  is  driven  by  a  high  frequency/high  voltage 
plasma  generator  which  is  connected  to  electrodes  located  at  the  outer  walls  of  the  discharge 
gap.  By  applying  an  outer  UV-reflecting  electrode  an  inward  directed  radiation  geometry  is 
realized.  The  coupling  of  different  excimer  light  sources  to  irradiation  modules  is  possible 
via  flange  facings  on  both  ends  of  the  quartz  tube.  Depending  on  the  gas  or  gas  mixture 
which  IS  applied  these  extended  light  sources  [3J  are  used  for  the  generation  of  incoherent 
almost  monochromatic  radiation  of  high  intensity  in  the  vacuum-UV,  UV-C,  UV-B  and  in 
lilt  UV-A  legion  of  the  electromagnetic  spectrum.  Strategic  important  excimers  and  their 
narrow  band  emissions  include  the  Xe2*-  (X  ,„,^=172  nm),  the  KrCl*-  (X  „.^=222  nm),  the 
CI2  -  (X  „.„x=259  nm),  the  XeCf-  (X  .„,,t=308  nm)  and  the  I2*-  (X  nm)  lamps.  The 

enormous  advantage  of  the  innovative  excimer  technology  in  photochemical  engineering  is 
related  to  the  reactor  geometry  which  can  be  adapted  to  the  desired  photoprocess  generating 
optimal  reaction  conditions.  'I'liis  opens  uji  outstanding  potentialities  for  water  purification 
technologies  and  for  the  realization  of  preparative  and  wavelengths  selective  photochemical 
transformations. 

Our  strategy  concerning  the  development  of  advanced  oxidation  processes  (AOPs  [4])  for 
the  treatment  of  waste  waters  utilizes  the  double  irradiation  in  a  VUV/UV-excimer  flow 
through  pholoieactor.  I  he  contaminated  water  is  injected  into  a  module  which  combines 
tlie  emissions  of  the  KrCf-  and  the  Xe2'‘~excimer  units.  Hereby,  the  VUV-radiation  is 
consumed  mainly  for  water  cleavage  with  efficient  formation  of  hydroxyl  radicals  and 
the  UV-C  output  is  used  for  the  direct  photocleavage  of  organic  pollutants.  Most  inter¬ 
estingly,  the  intrinsic  formation  of  hydrogen  peroxide  siid  of  ozone  by  the  VUV- 
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photolysis  of  air-saluratecl  water  and  the  wavelengths  dependent  changes  of  their 
conccnlralions  could  be  detected.  Therefore,  the  novel  VUV/UV-oxidation  process 
combines  the  advantages  of  the  industrial  photooxidation  technologies  (H2O2-UV,  O3- 
UV,  H202“03-UV)  in  an  efficient  photoreactor  mtlwut  addition  of  external  oxidation 
agents.  The  principles,  the  unprecedented  potentials  and  the  economical  superiority  of 
the  VUV/UV-  oxidation  technique  arc  demonstrated  by  the  purification  of  contaminated 
industrial  waters.  Examples  are  waters  which  contain  Rhodamine  B,  saturated  and 
unsaturated  chloro-hydrocarbons,  chloro-phenols,  Naphtole  AS  dyes  (cotton  dyeing), 
high  concentrations  of  organic  carbon  (water  leakage  from  a  chemical  deposit  site)  or 
organometallic  Ni-complexes  (galvanic  waste  waters).  Additionally,  the  disinfection  of 
greywater  and  the  complete  photomineralization  of  dissolved  organic  carbon  could  be 
manifested.  The  substrate  consumption,  the  formation  of  products,  the  TOC- 
elimination  and  the  dye~bleaching  were  monitored  by  standard  analytical  methods 
including  GC,  HPLC,  GC-MS,  ion-chromatography,  TOC-measurements  and  UV- 
spectroscopy,  respectively  [5). 

The  '’ most  valuable  wavelengths  dependent  industrial  process  is  the  photosynthesis  of 
previtamin  D  (P)  by  irradiation  of  7-dehydrocholesterol  (7-DHC).  P  is  the  precursor  of 
vitamin  D  which  plays  a  key  role  in  the  regulation  of  calcium  homeostasis. 
Consequently,  we  developed  an  UV-cxcimer  flow  through  pholoreactor  which  consists 
of  three  different  excimer  lamps  with  emission  maxima  at  259  nm,  308  nm  and  342  nm 

[2].  The  substrate  solution  is  continuously  circulated  through  quartz  tubes  which  are 
placed  concentrically  within  the  water  cooling  flow  of  the  UV-excimer  sources.  With  this 
arrangement  the  wavelengths  selective  single  or  double  irradiation  of  7-DHC  was 
monitored  by  HPLC  and  the  production  of  vitamin  D3  was  optimized. 
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IN-SITU  INFRARED  STUDY  OF  THE  INTERFACIAL  LAYER  DURING  THE 
ANODIC  DISSOLUTION  OF  A  SILICON  ELECTRODE  IN  A  FLUORIDE  ELECTROLYIE 

F.  Ozanam.  C.  da  Fonseca  and  J.-N.  Chazalviel 

Laboratoire  de  Physique  de  la  MaMre  Concknsie,  CNRS-Ecole  Polytechnique, 

Route  de  Saclay,  F -91128  Palaiseau-Cedex,  France 


The  anodic  corrosion  of  silicon  in  aqueous  electrolytes  is  a  well-known  problem  which 
hinders  the  use  of  silicon  as  a  useful  material  for  photoelectrochemistry.  As  part  of  a  detailed 
investigation  on  the  anodic  dissolution  of  silicon  in  fluoride  electrolytes,  we  have  studied  the 
infrared  (IR)  absorption  of  the  p-Si/electrolyte  interface  in  a  wide  potential  range,  for  fluoride 
electiolytes  of  various  compositions  and  pH.  This  study  has  been  performed  using  Fourier- 
Transform  IR  spectroscopy  in  the  subtractive  mode  and  the  potential-modulation  mode. 


Subtractively-normalized  FTIR  spectroscopy  allows  one  to  follow  the  interface  composition 
as  a  function  of  potential,  in  parallel  with  recording  of  the  interface  current.  Upon  increasing 
the  potential,  the  current  first  exhibits  a  steep  rise  near  0  Vsce  and  a  first  maximum,  beyond 
which  the  interface  appears  essentially  hydroxylated  (hydroxide  or  “wet”  oxide).  A  second 
cuirent  maximum  pccursiieyondlhis  first  current  plateau,  at  potentials  around  1.5-2.5  Vsce-  A 
true  “dry”  oxide  layer,  characterized  by  vSiO  absorption  bands  in  the  1050-1250  cm-i  region, 
appears  to  develop  essentially  in  the  region  of  the  second  plateau  following  the  second  current 
maximum.  It  is  inferred  that  the  dry  oxide  is  located  just  against  the  silicon  substrate,  and  the 


wet  oxide  is  in  contact  with  the  electrolyte.  The  thickness  of  the  dry  oxide  is  of  tlie  order  of  50- 
100  A  and  increases  with  increasing  potential.  For  a  given  potential,  it  appears  larger  for  the 
smaller  fluoride  concentrations  in  the  electrolyte. 


Potential-modulated  IR  spectroscopy  provides  improved  sensitivity  and  shows  that  the 
initial  rising  part  of  the  voltammogram  takes  place  at  a  fully  hydrogenated  silicon  surface  (vSiH 
mode  at  -2100  cm-*).  It  also  allows  to  determine  the  amount  of  holes  accumulated  near  the 
interface.  It  appears  that  free-hole  accumulation  remains  weak  in  the  potential  region  associated 
to  the  first  current  plateau,  but  becomes  very  large  beyond  the  second  current  maximum.  This 
suggests  that  the  limiting  step  for  electron  transfer  is  availability  of  holes  at  the  surface  for  the 

first-plateau  region,  and  availability  of  trapping  sites  in  the  oxide,  for  the  second-plateau 
region. 

For  potentials  in  the  second-plateau  region,  the  current  tends  to  exhibit  low-frequency 
damped  oscillations,  which  can  be  made  sustained  using  a  small  periodic  potential  excitation  at 
the  resonant  frequency.  Recording  of  the  IR  spectra  during  the  oscillations  allows  one  to 
obtain,  quantitatively,  the  variation  of  thickness  of  the  different  layers  tlirough  an  oscillation 
period.  Especially,  it  is  found  that  the  thickness  of  the  dry  oxide  may  vary  by  as  much  as  30  A. 
This  suggests  that  the  mechanism  responsible  for  this  oscillating  behaviour  may  be  connected 
with  the  fomiation/dissolution  mechanism  of  this  dry-oxide  layer. 
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PHOTOLYSIS  OF  HETEROCYCUC  PESTICIDES 

CYRIL  PARKANYI  and  DONG  CHEN 

Department  of  Chemistry,  Florida  Atlantic  University, 

111  Glades  Road,  P.  O.  Box  3091, 
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MAGED  SHAFIK  ANTONIOUS 

Department  of  Chemistry,  Faculty  of  Science, 

Ain  Shams  University,  Abbassia,  Cairo,  Egypt 

The  various  factors  determining  the  fate  of  pesticides  in  soil  and  water  systems 
include,  but  are  not  limited  to,  chemical,  microbial,  and  photochemical  decomposition, 
adsorption,  volatilization,  movement,  and  organism  uptake.  Among  these  factors, 
photodegradation  of  pesticides  plays  an  important  role  in  regions  with  high  insolation. 
Our  previous  work  in  this  area  includes  a  study  of  the  bactericides  and  fungicides 
2-mercaptobenzothiazole  and  2-mercaptobenzimidazole,  and  the  photolysis  of  the  uracil- 
based  herbicides  represented  by  bromacil  and  terbacil  (two  additional  herbicides  in  this 
.series  are  isocil  and  lenacil). 

As  a  continuation  of  our  systematic 
studies  of  the  photodecomposition  of 
pesticides,  we  have  investigated 
three  benzimidazole-based  fungicides: 
benomyl,  1  (Benlate*^,  DuPont),  thia¬ 
bendazole,  2  (TBZ,  Mertect*^,  Merck 
Sharp  &  Dohme),  and  fuberidazole,  3  1,  R^  =  CONH-n-Bu,  R^  =  NHCOOMe 

(Voronit'^,  Bayer).  Thiabendazole  is 

also  a  widely  used  anthelmintic.  2,  R^  =  H,  R^  =  4-thiazolyl 

Cambendazole  is  an  additional  closely 

related  fungicide;  it  is  a  thiaben-  3,  R^  =  H,  R^  =  2-furyl 

dazole  with  an  NH.COO  j--Pr  substitutent 

in  the  benzene  ring.  Uv  irradiation  of  1-3  in  various  solvents  (e.g.,  chloroform, 
methanol)  leads  to  a  number  of  photodecomposition  products.  Some  of  them  have 
been  isolated  and  identified  and  will  be  discussed. 


NONRESONANT  TRANSFER  EXCITATION  COLLISION 

OF  C*  17+  WITH  He 


BY 

HASSAN  RAMADAN 
Department  of  Physics,  Faculty  of  Science, 
Ain  Shams  University 
Cairo,  Egypt. 


ABSTRACT 


Ion-atom  collision  processes  in  which  transfer  of  a  target  electron  to  the 
projectile  ion,  and  at  the  same  time  excitation  of  the  projectile  (TE)  take  place, 
have  been  the  subject  of  much  experimental  and  theoretical  studies  in  the  last 
decade.  The  nonresonant  transfer  excitation  (NTEX)  cross  sections  for  the 
collision  of  the  Cal'7+  with  He  are  calculated.  In  NTEX,  it  is  assumed  that  the 
core  of  He  target  causes  the  excitation  of  projectile  with  a  simultaneous 

transfer  of  an  electron  from  He  to  Cal 7+.  jhe  resultant  excited  Cal 6+  then 
relaxed  by  the  emission  of  X-rays.  It  is  found  that,  NTEX  process  for  the 
collisional  system  takes  place  in  the  energy  range  E  j.  =  10-160  MeV  while  its 
complementary  process,  RTEX,  starts  at  higer  energy  Ey  >  140  MeV.  In 
contrary  to  the  RTEX  trends,  the  NTEX  cross  section  is  found  to  decrease 
with  increasing  the  atomic  number  of  Li-like  ions.  A  general  formula  for  the 
radial  part  of  the  excitation  probability  from  Is  to  np  states  is  successfully 
developed. 
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EXCITED  STATE  DEACTIVATION  OP  CROWNED  7-AMINOOOUMARINS 

Rusalov  M.V. ,  Druzhinin  S.I. ,  Uzhinov  B.M.,  Saraoshin  V.V. , 
Lapteva  V.L.  and  Kirpichenok  M.A. 


Dept,  of  Chemistry*  Moscow  State  Univei*eity,  Vorob’evy  gory, 

Moscow,  119899,  Russia 


Photophysios  of  3-substituted  ooimiarin  1  (la-Im)  and 
lO-Bubstituted  coumarin  102  (Ila,  lib)  in  MeOH  has  been  stu¬ 
died.  These  compounds  have  an  iso-lU-eleotronio  structure  and 
the  substituents  are  nonconjugated  with  lu-system. 


At  the  protonation  of  Ib,  Id,  If,  Ih,  Ij,  II  and  lla  the 

red  shift  of  absorption  (V  ,  600-1000  cm"^)  and  fluorescence 

1  * 

300-600  cm"  )  spectra  is  observed  (Table;  see  Ic,  le,  Ig, 
li,  Ik,  Ira  H  Ilb).  Fluorescence  quantum  yield  (cp)  of  protonated 
derivatives  of  coijmarin  1  is  less  than  that  of  neutral  forms 
(except  Ih),  and  (p  of  lib  is  greater  than  (p  of  Ila.  In  series 
of  neutral  ci’owned  derivatives  of  coumarin  1  (II,  Ij,  Ih)  value 
cp  decreases  as  the  size  of  crown-cycle  diminishes,  but  in  simi¬ 
lar  series  of  protonated  ones  (Im  ,Ik,  li)  cp  is  not  changed 
practically.  The  influence  of  structiore  and  electric  field  of 
nonconjugated  substituent  on  the  energy  level  position  and 
deactivation  efficiency  of  excited  state  of  7-aminoooumarins  is 
discussed. 
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<p 


O 

26640 

0.38 

26180 

Ei9 

0.74 

25440 

21260 

0,21 

26140 

21510 

0.70 

25420 

21180 

0.21 

26120 

21660 

0.45 

25230 

21230 

0.16 

26050 

21690 

0.070 

25490 

21320 

0.22 

26100 

21530 

0.25 

25180 

21170 

0.20 

26160 

21600 

0.55 

25230 


21120 


0.23 


25260 


20820 


0.33 


24280 


20540 


0.64 


NON-RECIPROCITY  PHOTOCHEMICAL  BEHAVIOUR  OF  NEW 
l,2-NAPHTHOQUINONE-(2)-DIAZO-SULFONIC  ACID  ESTERS 

E.  Sauer.  J.  Bendig,  U.  Kertscher* 

Institute  of  Organic  and  Bioorganic  Chemistry,  Humboldt  University, 
Hessische  Str.  1-2,  10115  Berlin,  Germany 

*  Research  Institute  of  Molecular  Pharmacology,  Alfred-Kowalke-Str.  4, 
13051  Berlin,  Germany 


The  l,2-naphlhoquitione-(2)-diazo-derivatives  show  photolytically  induced  extrusion 
of  nitrogen  and  yield  indene  carboxylic  acid  via  Wolff  rearrangement  by  the  addition 
of  water.  During  photolysis  l,2-naphthoquinone-(2)-diazo-4-  and  -5-sulfonic  phenyl 
esters  show  different  behaviour.  In  contrast  to  the  NQD-5-sulfonic  isomers,  photolysis 
of  the  NQD-4-acid  esters  (B)  is  aecompanied  by  a  photochemically  indueed  ester 
elea  vage.  For  the  reaction  the  formation  of  a  sulfene  intermediate  is  proposed. 


I  he  UV  spectra  of  NQD-4  and  NQD-5  chromophors  differ.  Bi-  and  trichromophoric 
NQD  systems  ( I,  II )  are  characterized  by  a  non-reciprocity  behaviour. 


In  this  case  the  photokinetic  behaviour  is  determined  by  different  photolysis  rates  of 
the  NQD  chromophors  caused  by  decreasing  reactivity  within 

0  -  NQD  <  m  -  NQD  <  p  -  NQD 
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Different  photochemistry  and  excitation  can  be  demonstrated  by  the  model  compound 
III.  Excitation  of  III  at  405  nm  causes  a  sequentiell  photolysis  of  both  diazo  groups,  as 
a  result  of  an  energy  transfer  from  NQD-5  chromophor  to  the  NQD-4  chromophor. 


Tabl.  1  summarises  the  investigated  model  compounds.  Interactions  via  sulfonic 
gr  oups  can  be  excluded  by  determination  of  the  quantum  yields  for  series  I. 

The  dimension  of  the  reaction  quantum  yield  (ser.  II,  III)  indicates  an  energy  transfer 
between  the  NQD  -  chromophors. 
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Phytochrome  as  Light  Sensor  for  Photosynthetic 

Gene  Activation 


Pill-Soon  Song 

Department  of  Chemistry  and  Institute  for  Cellular  &  Molecular  Photobiology 
University  of  Nebraska,  Lincoln,  NE  68588,  USA 


Using  examples  from  my  laboratory,  1  will  discuss  how  living  organisms  utilize  and 
interact  with  visible  light  as  an  environmental  signal  for  tlieir  growth  and  development.  The 
lecture  will  be  based  on  the  study  of  the  structure-function  relationship  of  the  photo-signal  switch 
phytochrome  in  higher  plants.  The  specific  emphasis  of  the  paper  will  be  to  elucidate  the 
structures  of  the  photosensor  pigment  protein,  phytochrome,  in  photosynthetically  active  plants. 
Various  biophysical  and  molecular  biological  tools  have  been  used  to  elucidate  the  structure- 
function  relationship  of  phytochrome.  These  are  summarized  below. 


Phytoclirome  as  a  Light  Switch.  Phytochromes  mediate  light  signal  transduction 
processes,  such  as  expression  of  light-responsive  genes  (particularly  photosynthetically  important 
genes  such  as  Cab  and  Rubisco),  seed  germination,  stem  growth,  and  many  other  developmental 
and  morphogenic  photoresponses  in  plants.  Phytochrome  functions  as  red-  and  far  red-light 
sensors  according  to  the  photoreversible  scheme  shown  in  the  box  below. 


Light  Activation  of  Phytochronie.  Spectroscopic  studies  of  phytochrome  are 
consistent  with  the  Pr  ->  Pfr  phototransformation  as  isomerization.  This  photoisomerization  to 
take  place  within  a  few  picoseconds.  In  many  respects,  phytochrome  can  be  described  as  plant’s 
eye  pigment. 

Pigment-Apoprotein  Interactions.  Since  1987  we  have  been  studying  the 
structure/confonnation  of  phytochrome  in  our  laboratory.  By  using  the  molecular  genetic 
engineerir.g  techniques,  we  are  investigating  the  structural  and  photobiological  aspects  of  the 
pigment-protein  interactions  in  the  phytochrome  molecule.  In  a  recently  completed  study,  we 
investigated  the  effects  of  single  amino  acid  replacements  of  conserved  residues  in  the  vicinity 
of  Cys323.  We  expressed  ten  site  specific  mutants  of  pea  phytochrome  in  Baker’s  yeast  and 
analyzed  them  for  characteristic  phytochrome  red/ far- red  photoreversibility.  We  found  that  all 
ten  mutants  specifically  assembled  the  chromophore  witli  varying  efficiencies.  In  particular,  the 
^'^‘®324  **’utant  phytochromes  were  severely  affected,  both  in  their  chromophore  binding  efficiency 
and  the  photoreversibility  of  the  reconstituted  proteins.  Since  this  residue  is  located  immediately 
adjacent  to  the  chromophore  attachment  site,  this  His-mutagenesis  effect  can  be  compared  with 
the  neighborint;  group  effect  in  physical  organic  chemistry. 


Light-Induced  Coilformstionul  Changes.  Several  structural  domains  of 
phytochrome  can  be  considered  as  the  possible  location  of  "active  site(s)".  However,  the  only 
change  in  secondary  structure  detectable  by  CD  seems  to  occur  in  the  6-kDa  amino  terminal 
segment  of  the  phytochrome  molecule,  forming  amphiphilic  a-helix  upon  Pr  Pfr 
phototransformation.  Substitution  of  the  serine  residues  in  the  6-kDa  amino  terminal  segment 
with  alanine  forms  a  more  helix  favoring  sequence,  which  produced  a  physiologically  hyperactive 
phytochrome.  The  amino  terminus-truncated  phytochrome  does  not  exhibit  full  biological  activity 
in  vivo.  Tliese  results  suggest  tliat  tlie  amino  terminal  segment,  witli  its  amphiphilic  helix-forming 
sequences,  are  potential  active  site(s)  for  phytochrome  function.  We  are  currently  investigating 
the  functional  implications  of  tlie  light-induced  conformational  change  in  the  light-signal 
transduction  cascade  in  higher  plants. 

Signal  Cascade  via  G-Proteiiis?  in  triggering  the  transcriptional  activation  of 
photosynthetic  gene  expression  in  plants,  G-protelns  likely  play  a  functional  role  as  the  molecular 
transducer  of  the  light  signal  cascade  initiated  by  phytochrome  and  red  light.  We  proposed  this 
hypothesis  in  1987,  and  subsequently  preliminary  evidence  was  published  in  1991.  There  is 
growing  evidence  to  support  this  hypothesis.  There  is,  however,  no  evidence  that  phytochrome 
forms  the  transmembrane  ot-helical  folds  characteristic  of  most  membrane-bound  and 
heterotrimeric  G-protein-coupled  receptors.  But,  it  is  possible  that  small  molecular  weight  G- 
proteins  transduce  at  least  some  of  the  phytochrome-mediated  signal  transduction  processes.  In 
this  vein,  we  have  isolated  and  purified  a  24-kDa  small  molecular  weight  G-protein  with  its 
properties  similar  to  animal  ras  oncogene  products  (small  molecular  weight  G-proteins).  Initial 
characterization  of  the  G-protein  from  oat  seedlings  has  been  reported.  Characterization  of  this 
protein  has  now  been  completed  and  its  functional  linkage  to  the  phytochrome-mediated  signal 
transduction  cascade  is  being  investigated. 


Sol-Gel  Synthesis  and  Spectroscopic  Properties  of  Nanoscaled  Hybrid  Materials 


L.  Spanhei,  G.  Muller:  Lehrstuhl  fiir  Silicatchemie/Materialwissenschaft,  UniversitSt  Wurzburg 

Rontgenring  9-11,  97070  Wurzburg,  F,R.G, 

M,  Popall:  Fraunhofer  Institut  fur  Silicatforschung,  Neunerplatz  2,  97082  Wurzburg,  F.R.G. 


Sol-gel  chemistry  and  properties  of  nanoscaled  semiconductors  are  presented.  The  focus  is  put 
on  two  routes  resulting  in  composite  structures  of  optical  quality.  The  first  route,  applied  to 
ZnO  based  materials,  yields  optically  transparent  films  with  controlled  morphology  and  elec¬ 
tronic  conductivity.  Starting  precursors  of  such  coatings  are  particulate  sols  containing  ZnO 
particles  with  sizes  down  to  3  nm.  Both  the  nature  of  appropriate  dopand  present  in  the  coat¬ 
ing  sol  and  the  final  sintering  conditions  employed  can  strongly  affect  the  nanocrystallite  orien¬ 
tation  with  respect  to  the  substrate.  As  seen  in  XRD  measurements,  the  degree  of  c-axis  orien¬ 
tation  increases  with  increasing  temperature  and  the  foreign  ion  size.  The  specific  resistivity  of 

the  best  ZnO  film  samples  so  far,  as  tested  in  the  microwave  absorption  studies,  has  been  de¬ 
termined  to  0.05  ohm  cm. 

Ihe  second  route  represents  synthesis  of  hybrid  inorganic-organic  composites  (monolithic 
bodies  or  films)  with  embedded  optically  active  components  such  as  Il-VI-quantum  dots  (fa. 
ZnO,  CdSe)  and/or  lanthanide  ions.  Ihe  key  component  of  these  glassy  polymers  are  organi¬ 
cally  modified  silanes  of  the  general  formula  P-(CH2)3-Si(OR)3.  They  contain  organic  polym¬ 
erizable  functions  -  P  as  for  example  double  bonds  and  inorganic  Si-alkoxide  ligands.  Hydroly¬ 
sis  and  condensation  of  Si-alkoxide  groups  generates  the  inorganic  silicate  network  whereas 
organic  polymerisation  of  double  bonds  yields  the  organic  polymer  part  in  resulting  hybrid  ma¬ 
trix.  The  quantum  dot  nucleation/growth  processes  and  the  ligand  environment  of  lanthanide 
ions  can  be  controlled  by  bifunctional  molecules  of  the  formula  L-(CH2)„-M,  too.  L  represents 
a  metal  complexing  function  preventing  the  quantum  dots  or  lanthanide  ions  to  aggregate.  The 
M  -  group  of  this  spacer  carrying  either  silane  or  double  bond  coimects  these  optically  active 
components  to  the  hybrid  glass  polymer  matrix. 

rhe  potential  of  this  molecular  material  processing  control  is  reflected  in  optical  absorption 
and  fluorescence  changes  accompanying  the  initial  metal  complexation  steps,  the  subsequent 
transition  into  the  wet  gel  state  and  their  final  conversion  into  a  cured  (also  micro  patterned  if 
needed)  composite  material. 
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USE  OF  SOME  INDUSTRIAL  BY-PRODUCTS 
AS  ENERGY  STORAGE  MEDIA 


By 

Aghareed  M.  Tayeb 

Faculty  of  Engineering,  El-Minia  University 
El-Minia,  Egypt 


Abstract ; 

Solar  energy  is  stored  using  different  solid  storage  materials, 
both  chemical  and  metallic  by-products.  The  materials  tested  in  the 
present  study  are  paraffin  wax,  copper  slag,  aluminium  slag,  iron 
slag,  cast  iron  slag,  and  copper  chips.  Solar  energy  is  stored  in 
these  materials  and  the  stored  energy  is  next  recovered  with  a 
water  streams  at  different  flow  rates  and  the  storage  capacity  and 
period  for  different  materials  were  compared.  The  same  set  of 
experiments  is  run  on  solid  metallic  materials  mixed  with  wax.  The 
results  indicated  that  iron  slag  has  the  highest  storage  capacity 
followed  by  cast  iron  slag  then  aluminium  slag  and  copper  chips  and 
copper  slag.  It  is  also  noted  that  addition  of  paraffin  wax  to  the 
solid  metallic  materials  improves  its  storage  capacity  and  duration 
greatly.  The  storage  efficiency  of  different  units  is  calculated 
and  compared.  It  is  found  that  addition  of  paraffin  wax  to  cast 
iron  sl^g  and  to  copper  chips  increases  the  amount  of  stored  energy 
by  161.8%  and  108.4%,  respectively.  Moreover,  increasing  heat 
transfer  fluid  flow  rate  increases  the  amount  of  energy  that  can  be 
extracted  in  a  specified  period  of  time,  but  it  decreases  the  time 
of  energy  extraction  (half  a  cycle). 
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AN  IN  VITRO  MODEL  OF  PREVITAMIN  D  PHOTOSYNTHESIS 
AS  POSSIBLE  MONITOR  OF  SOLAR  UVB  RADIATION: 

KINETIC  STUDIES  USING  TUNABLE  LASER 

Irina  Terenetskaya,  Oleg  Galkin 

Institute  of  Physics.  National  Ukrainian  Academy  of  Sciences, 

252028,  Kiev,  Ukraine 

Biological  activity  of  UVB  solar  radiation  (280-31 5nm)  causes  the 
need  of  permanent  control.  This  problem  is  dramatized  by  ozone  depletion 
effect  increasing  the  amount  of  UVB  radiation  reaching  the  earth  surface. 
Because  UVB  radiation  is  only  a  small  fraction  of  the  total  solar 
radiation,  an  accurate  measurement  of  spectral  distribution  of  UVB  radiation  at 
the  short  wavelength  edge  of  solar  spectrum  presents  a  real  challenge. 

The  correlation  of  the  method  of  UVB  dosimetry  to  the  action  spectrum 
of  some  natural  biological  process  is  very  desirable  in  view  of  a  central  role 
which  action  spectra  play  in  the  initial  characterization  of  bioresponses. 

Vitamin  D  synthesis  in  human  skin  is  considered  one  of  the  beneficial 
effects  of  solar  UVB.  In  response  to  the  absorption  spectrum  of  initial 
provitamin  D  the  action  spectrum  peaks  at  280nm  dropping  to  zero  at  315nm. 

ilie  remarkable  feature  of  the  photoreaction  in  vitro  is  significant 
dependence  of  the  photoproducts  formation  on  the  irradiation  wavelength. 
This  fact,  along  with  our  close  examination  of  the  wavelength  effect  on 
the  photoreaction  kinetics  using  tunable  dye-laser  [1.2],  allowed  us  to  suggest 
that  the  in  vitro  model  of  previtamin  D  photosynthesis  is  just  the  process  which 
Is  best  suited  to  the  sensitive,  accurate  and  spectrally  selective  monitoring  of 
solar  UVB  and  ozone  depletion  effect  [3]. 

To  in  situ  follow  the  photoreaction  course  we  have  developed  the 
original  expiess  method  of  spectral  analysis  of  the  photoisomer  mixture  which 
is  strongly  promotes  realization  of  the  proposal. 

Computer  simulations  of  the  reaction  kinetics  for  different  spectral 
position  of  the  shortwave  edge  of  solar  spectrum  simulating  both  its 
seasonal  changes  and  ozone  depletion  effect,  confirmed  the  potential  of 
the  photoreaction  as  spectrally  selective  monitor  of  solar  UVB,  and 
convincingly  showed  that,  in  contrast  to  a  majority  of  known  UVB  meters,  it 
was  capable  of  measuring  not  only  integral  solar  UVB  radiation  but  also  ’its 
spectra!  distribution  at  the  shortwave  edge.  This  ability  offers  a  substantia! 
advantage  of  the  method  proposed. 

1. 1. P.Terenetskaya,  S.I.Gundorov,  V.l. Kravchenko  and  E.B.Berik, 

Sov.J. Quantum  Electron,,  1988.  v.18.  p.1323-1327. 

2. 1. P.Terenetskaya,  S.I.Gundorov  and  E.B.Berik,  ibid  ,  1991  v21 

p.472~474.  ’  '  ’ 

3. 1. P.Terenetskaya,  SPIE  Proceedings,  1994,  v.2134. 
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THE  PROBLEM  OF  LIGHT  SOURCE  IN  VITAMIN  D  INDUSTRIAL  SYNTHESIS; 

LAMP,  LASER  OR  SUN? 

Irina  Terenetskaya 

Institute  of  Physics,  National  Ukrainian  Academy  of  Sciences 
252028,  Kiev.  Ukraine 

It  is  well  known  that  vitamin  D  is  of  vital  importance  for  human  health 
being  essential  for  a  wide  variety  of  biological  responses.  Sunlight  has  long 
been  recognized  as  a  major  provider  of  vitamin  D  for  humans.  Tlie  UV 
portion  of  sunlight  converts  provitamin  D  in  skin  to  previtamin  D  which  is 
thermaliy  converted  into  vitamiti  D. 

As  well  vitamins  Ds  and  Dz  are  manufactured  by  UV  irradiation  of  starting 
provitamins  (7-DHC  or  ergosterol).  Unfortunately,  previtamin  D  photosynthesis 
in  vitro  is  much  complicated  by  the  side  photoconversions  of  previtamin.  Since 
the  photoisomer  mixture  composition  is  dependent  on  the  irradiation 
wavelength,  the  maximization  of  the  yield  is  usually  achieved  by  the  proper 
choice  of  the  excitation  source  and  the  irradiation  regime. 

Our  study  of  the  photoreaction  kinetics  using  tunable  laser  has  revealed 
the  unknown  earlier  effects  which  strotigly  restrict  traditional  methods  of  the 
photoreaction  optimization  [1-3]. 

Careful  examination  of  the  wavelength,  laser  intensity  and  pulse 
duration  effects  together  with  computer  simulations  of  the  reaction  kinetics 
gave  a  good  indication  of  the  excitation  light  characteristics  on  previtamin  D 
photobehaviour  [4,5].  On  the  other  hand,  the  elucidation  of  a  reaction  medium 
effect  on  conformational  state  and  photoconversion  channels  of  previtamin  D 
molecule  gained  more  understanding  of  the  difference  between  the  in  vivo  and 
in  vitro  photoprocesses  [6-9], 

This  paper  estimates  advantages  and  disadvantages  of  lamp  and  laser 
sources  of  initiation  of  the  in  Wfro  previtamin  D  photosynthesis.  The  problem  of 
the  natural  sun  light  utilization  in  vitamin  D  manufacturing  is  also  discussed. 

1. 1.P.Terenetskaya,  S.I.Gundorov,  V.l. Kravchenko  and  E.B.Berik 
Sov.J.Quantum  Electron.,  1988,  v.18,  p.1323-1327. 

2.  M.A.Bogos!ovskii,  I.K.Berik,  S.I.Gundorov.  I.P.Terenetskaya, 

High  Energy  Chemistry,  1989,  v.23,  p.218-221. 

3.  I.P.Terenetskaya,  S.I.Gundorov  and  E.B.Berik,  Sov.J.Quantum 
Electron.,  1991,  v.21,  p.472-474. 

4.  I.P.Terenetskaya  and  Yu.A.Repejev,  SPIE  Proceedings,  1990,  v.1403, 
p.500-503. 

5.  A.A.Serikov  and  I.P.Terenetskaya,  High  Energy  Chem.,  1994,  v.28,  p.257-262. 

6. ’ I.P.Terenetskaya,  O.G.Perminova  and  A. M. Yeremenko,  J.Mol. 

Struct.,  1990,  v.219,  359-364;  ibid.,  1992,  v.267,  p.93-98. 

7.  I.P.Terenetskaya,  O.G.Dmitrenko  and  A.M. Eremenko,  Research 
on  Chemical  Intermediates,  1994,  in  press. 

8.  I.P.Terenetskaya  and  O.G.Dmitrenko,  Theor.  and  Experim. Chem.,  1994,  v.29, 
p.326-332. 
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PHOTOINDUCED  PROTON  TRANSFER  IN  SUBSTITUTED  PYRIDINES 

A.  C.  Testa 

Dept,  of  Chemistry,  St.  John's  University 
Jamaica,  New  York  11439,  U.S.A. 

Our  laboratory  has  maintained  an  interest  in  the  luminescence 
and  excited  state  behavior  of  aromatic  nitrogen  heterocyclics . 
In  particular  the  ordering  of  n,n  and  n,n  electronic  states 
determine  the  excited  state  properties  of  these  molecules.  Our 
investigations  with  substituted  pyridines  have  focused  on  i) 
aminopyridines,  ii)  hydroxypyridines  and  iii)  phenylpyridines, 
all  of  v/hich  undergo  an  excited  state  protonation.  In  the  case 
of  the  2-,  3-  and  4-phenylpyridine  we  have  shown  that  it  is  a 
necessary  condition  for  fluorescence  emission,  and  increased 
planarity  accompanies  the  conversion  to  the  triplet  state. 
Phenylpyridines  appear  to  behave  as  substituted  pyridines  in 
the  singlet  state  and  as  substituted  phenyl  derivatives  in  the 
triplet  state.  The  behavior  of  2 , 6-diphenylpyridine  will  also 
be  discussed.  Results  obtained  for  the  absorption  and  emission 
of  the  hydroxypyridines  indicate  that  in  2-pyridone  there  is  a 
relaxation  route  involving  formation  of  a  C2h  dimer.  Amino¬ 
pyridines  also  undergo  an  excited  state  protonation;  however, 
in  these  molecules  the  amine  hydrogen  is  involved  in  rapid 
quenching  of  the  singlet  state.  In  all  cases  the  experimental 
results  are  supplemented  by  CNDO/S  calculations,  which  indicate 
that  an  inversion  of  the  singlet  states  in  acidic  media  is 
accompanied  by  an  increasing  oscillator  strength  for  the  lowest 
singlet.  The  molecules  investigated  show  a  satisfactory  corre¬ 
lation  between  theory  and  experiment,  and  our  interpretation  is 
supported  by  fluorescence  quantum  yield  and  lifetime  measure¬ 
ments,  as  well  as  phosphorescence  quantum  yield,  lifetime  and 
polarization  data.  Luminescence  data  measured  in  different  sol¬ 
vents  will  be  presented  together  with  the  electronic  state  dia¬ 
grams  obtained  from  the  CNDO/S  calculations  of  these  molecules. 

[1]  J.  Kubin  and  A.  C.  Testa,  J.  Photochem.  Photobiol.  (1994). 
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Excited-state  Proton  Transfer  in  Constrained  Environments 

Laren  M.  Tolbert 

School  of  Chemistry  and  Biochemistry 
Georgia  Institute  of  Technology 
Atlanta,  GA  30332-0400 

Hydroxyarenes  undergo  a  remarkable  shift  in  acidity  (Forster  shift)  upon  photoexcitation. 
For  siniple  hydroxyarenes  such  as  2-naphthol,  this  shift  is  in  the  range  of  7  pK^  units,  i.  e. ,  from 
9  to  2,  and  allows  tlie  study  of  proton-transfer  dynamics  by  time-resolved  spectroscopy.  Most 
studies  have  concentrated  on  the  strucmre  of  water  as  the  key  variable  in  controlling  the  rate  of 
[siotoii  transfer.  We  have  constructed  a  number  of  naphthols  in  which  functional  groups  of 
‘.aiying  proton  affinity  are  attached  through  an  alkyl  chain.  This  allows  us  to  investigate  the 
dynamics  of  intramolecular  proton  transfer  in  which  tlie  structure  of  the  solvent  still  plays  a  key 
role.  By  reducing  the  entropic  requirements  for  solvent  reorganization  during  the  proton  transfer 
step,  intramolecular  proton  transfer  is  accelerated  relative  to  the  intermolecular  case.  In 
contrast,  tlie  photoinduced  cyclization  of  l-allyl-2-naphthol  is  shown  to  occur  by  free-radical 
mechanism. 
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EXCITED  STATE  PROTON  TRANSFER  LASERS 


B.M.  Uzhinov  and  S.I.  Dru25hinin 

Dept,  of  Chemistry,  Moscow  State  University,  Vorob'evy  gory, 

Moscow,  119899,  Russia 

The  review  of  lasers  using  inter-  and  intramolecular  exci¬ 
ted  state  proton  transfer  reactions  (ESPT)  is  given.  The  gene- 
x’al  principles  of  ESPT  lasers  are  considered.  The  criteria  for 
acid-base  system  selection  of  active  media  ESPT  lasers  are  sta¬ 
ted.  They  can  be  used  for  purposeful  synthesis  of  organic  com¬ 
pounds  for  active  media  of  ESPT  lasers. 

The  regularities  of  intramolecular  ESPT  lasers  and  inter- 
rnoleoular  ESPT  lasers  based  on  oxy-,  amino-,  oxo-,  and  azaaro- 
matic  compounds  are  analyzed.  The  possibility  of  simultaneous 
lasing  of  both  acid-base  components  and  wide  tuning  lasing  ran¬ 
ge  of  acid-base  systemfe  including  these  compounds  ax’s  conside¬ 
red.  The  mechsinism  of  mutual  negative  influence  of  conjugated 
acid-base  components  on  their  lasing  effect  is  discussed.  Tliis 
influence  results  in  the  impossibility  of  simultaneous  lasing 
of  both  fonns  of  azaaromatio  compounds. 

The  short-lived  intermediates  fonned  in  photochemical 
electron  ti’ansfer  reactions  in  laser  active  media  play  an  im- 
poi’tant  role  in  lasing  efficiency.  The  active  media  photostabi¬ 
lity  of  ESPT  lasers  and  the  effect  of  medium  acidity  and  basi¬ 
city  on  the  lasing  solution  degradation  are  considered.  The 
photostability  and  efficiency  of  active  media  can  be  improved 
by  some  additives  to  lasing  solutions. 

The  acid-base  systems  pi’ovided  the  wide  tuning  lasing  ran¬ 
ge  are  analyzed.  Using  of  binary  dyes  solutions  to  get  a  wide 
timing  range  as  a  useful  approach  for  inter-  and  intramolecular 
ESPT  lasers  is  discussed. 
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RADIATIONIESS  DEACTIVATION  AT  INTERMOLECULAR  EXCITED  STATE 
PROTON  TRANSFER  OF  2 , 4 , 6-TRIARYLPYRIDINES 

Uzhinov  B.M. ,  Dmitroiok  S.L.  and  Druzhinin  S.I, 


Dept,  of  Chemistry,  Moscow  State  University,  Vorob’evy  gory, 

Moscow,  119899,  Russia 


Tlie  inteiTOoleoular  excited  state  proton  transfer  (ESPT)  of 
2,4,6-ti'iarylpyridines  (TAPs)  with  carboxylic  acids  in  solvents 
of  different  polarity  and  basicity  has  been  studied  by 
absorption  and  fluorescence  spectroscopy  and  kinetic 
f luorometry. 
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The  ESPT  of  TAP  proceeds  via  dynamic  mechanism  and  results 
in  the  formation  of  TAP  cation  protonated  at  pyridinium 
nitrogen  atom  .  The  ESPT  reaction  induces  the  radiationless 
deaotivatioii  of  excited  molecules.  The  quantum  yield  of  excited 
product  in  the  ESPT  reaction  is  less  than  unity.  The  (p 

value  increases  as  TAP  basicity  and  medixjm  acidity  (carboxylic 
acid  concenti’ation)  increase.  Tv/o— step  reaction  scheme  is 
proposed  for  explanation  of  (p^  behaviour.  At  first  step  the 
intermediate  nonf lucres cent  complex  is  formed  by  interaction 
of  one  solvated  acid  molecule  (SHA)  with  molecule  of  TAP  (B). 
The  excited  TAP  monocation  is  formed  by  monomolecular  proton 
ti’ansfer  in  this  complex  (k^)  and  by  addition  of  second 
molecule  of  proton  donor  to  this  complex  (k^). 


-SHA  -A*  OHS 


According  to  this  scheme  (p^  value  is  determined  by 
specific  solvation  of  excited  state  reaction  products.  The 
rising  of  (p^  value  at  increasing  of  TAP  basicity  and  medi\;un 
acidity  is  caused  by  increasing  of  proton  transfer  rate  in 
intermediate  complex  as  a  result  of  decreasing  of  product 
formation  fi^ee  energy r  The"~  concentration  dependence  of  (p  in 
various  solvents  is  described  quantitatively  by  this  scheme. 
The  fluresoence  data  of  triarylpyridines  and  kinetic 
characteristics  of  their  interaction  with  CH^COOH  in  dioxane 
are  given  in  Table. 
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[CH^COOH]  =  3  M, 

K  -  equilibrium  constant  of  TAP  protonation  by  CF^COOH 
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Triplet  State  Radical  Cleavage  of  Ring  Halogens  from  Phenyl  Ketones: 

Different  Modes  for  Different  Electronic  States 

V 

Peter  J.  Wagner 

Cheznistry  Department,  Michigan  Slate  University,  East  Lansing,  MI  48824 

UV  irradiation  of  several  iodo-  and  bromophcnyl  ketones  in  solvents 
containing  reactive  C-H  bonds  or  added  thiol  results  m  the  dehalogenation  of  the 
halophenyl  ketones.  Quantum  yields  range  from  5-50%;  their  dependence  on 
solvent  viscosity  reveals  significant  amounts  of  cage  recombination.  Rate  constants 
forradical  cleavage  of  the  ketone  triplet  states  were  measured  by  steady  state 
techniques  and  by  direct  laser  flash  kinetics  for  the  ortho,  meta  and  para  iscnners  of 
thr^e  sets  of  halophenyl  ketones.  Eor  bromo  ketones,  rate  constants  are  comparable 
for The  meta  atid  para  isomers  (~10®  S“^  for  the  acetophenones  and  ~105  s-l  for  the 
benzophenones)  but  larger  for  the  ortho  isomers  (5  x  10®  and  10^  s"^^;  for  the 
iodobenzophenohes,  rate  constants  are  >10iO,  3  x  10®,  and  3  x  10^  s-i  for  the  ortho, 
para,  and  meta  isomers,  respectively.  Activation  parameters  for  the  bromoaceto- 
pheiiones  are:  AHt  =  5.7  kcal/mole,  log  A  =  12.0-12.4,  For  the  iodobenzophenones, 
AHt  ss  4.0  kcal/mole;  log  A  =  10.5  meta  and  "12  para. 

It  is  suggested  that  the  triplet  iodobenzophenones  undergo  ~4  kcal/mole 
exothermic  cleavage  by  an  activated  conversion  of  their  triplets  into 

dissociative  a, a*  states.  This  interconversion  seems  to  be  driven  by  it*  electron 
density,  which  is  much  higher  para  than  meta.  The  bromoketone.s  undergo  6-10 
kcal/mole  endothermic  cleavage,  apparently  primarily  from  7t,7t*  triplets  that  have 
strong  bromine-tO’Carbonyl  charge  transfer  components.  This  CT  character  is 
comparable  for  both  meta  and  para  isomers  and  fosters  conversion,  into  7c(Br),o’‘ 
states.  In  this  model  for  cleavage  the  apparent  negative  activation  entropies  in  fact 
represent  variable  low  efficiencies  for  interconversion  between  the  low  energy 
noiidissociative  excited  states  and  the  higher  energy  dissociative  ones.  It  is  suggested 
that  direct  charge  transfer  from  halogen  to  carbonyl  may  be  involved  with  the 
ortho-halo  l^etones. 
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INJECTION  AND  DISCHARGE  OF  PHOTO-GENERATED  CHARGE 
CARRIERS  AT  THE  SEMICONDUCTOR/TXECTROLYTE 
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Catastrophic  Polarization  of  Twisted  Excited  States 

Carl  E.  Wulfman 
Department  of  Phyeica 
Univeralty  of  the  Pacific 
Stockton,  CA  95211  USA 

In  1971  it  was  proposed  that  when  a  pi-electron  absorbs  a  photon  and  begins 
a  cis-trans  conversion  it  passes  through  a  twisted  state  that  is  extremely 
polarizable.  The  current  state  of  knowledge  of  such  twisted  states  will  be  set 
forth  and  several  conjectures  will  be  discussed. 
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PHENAZINE-PHOTOSENSITIZED  REDUCTION  OF  CO2  MEDIATED  BY  COBALT- 
CYCLAM  COMPLEX 


SllQgo  Tomoyuki  Ogata,  Yoshie  Yamamoto,  Yuji  Wada,  Kei  Murakoshi,  Mitsuhiro 

Kusaba,  Nobuaki  Nakashima,  Akito  Ishida,  and  Sctsuo  Takamuku 
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ChcmiaU  Process  Engineering,  Faculty  of  Engineering,  Institute  of  Laser  Engineering,  and 
Institute  of  Scientific  and  Industrial  Research,  Osaka  University,  Suita,  Osaka  565,  Japan 

Photoreduction  of  carbon  dioxide  (CO2)  to  formate  (HCO2)  can  be  achieved  by  UV-irradiation 
of  the  system  involving  phenazine  (Phen)  as  a  photosensitizer,  triethylamine  (TEA)  as  an 
electron  donor,  and  cobalt-cyclam  complex  (Co“^L,  L  =  cyclam  =  1,4,8,11- 
tctraazacyclotetradecane)  as  an  electron  mediator.  Reduction  products  from  the  system  are 
HC02',  and  a  small  quantity  of  CO  and  H2. 


phenazine  (Phen) 


HCO 


,lCo"Lf\ 


PhenH 


Phen 


TEA 


^Phen 


Phen 


[CoL(H)] 


'^'^2  L  =  cyclam 

e‘  donor:  Phen  "  or  Et2NC  HCH 


phenazinyl  radical  /  V  \  TEA 

(PhenH*)  /  I  ) 

[CoL(OOCH)I2^  IV  ^’Phen* 

^NH  HN..  \  /  \  ^ 

Co  J  \  ^  Phen— 

Co(cyciam)  CO2  L  =  cyclam 

cyclam  =  1,4,8,11- 

tetraazacycio-  g*  donor:  Phen'"  or  EtsNC'HCHa 

tetradecane  ^ 

Preferential  electron  transfer  from  the  photoformed  radical  anion  of  phemizine  (Phen  ')  to  Co'“L 
is  confirmed  by  ESR  analysis  and  pulse  radiolysis.  The  resulting  Co“L  undergoes  hydrogen 
transfer  from  phenazinyl  radical  with  a  second  order  rate  constant  k  =  10^  M'^  s*,  giving 
[CoL(H)]2".  The  effective  insertion  of  CO2  molecule  into  [CoL(H)]2+  yields  HC02-  selectively. 
This  shows  a  good  example  for  the  utilization  of  profitable  capability  of  nitrogen-containing 
aromatics,  which  have  a  function  not  only  of  electron  transfer  but  also  hydrogen  transfer 
through  a  semiquinone  radical. 
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energy  gap  AE(5',,52)  and  AMINO  N-INVERSION 
and  ™°^3CENCE 

Th.  von  dor  IIAAR,  0.  MORAWSKI,  W.  KUHNLE,  and  K.  A.  ZACHARIA^.e 

M«-Planck-Imitut  fur  biophyaikalbd.c  Ckomio,  -Speklroskopie  und  Photochemischo 
Kmolik-,  Postfach  2841,  0-37018  Gottingen,  Germany 

Tkc  phenomenon  of  dual  Onorescence  in  a  seriee  of  four  d-aminobeneonitriles  in  whicl.  the 
atmno  rntrogen  atom  i,  par  t  of  a  four-  to  eeven-membered  heterocyclic  ring,  P4C  to  P7C 

ITIt  ‘  1  ^  '“7  of  exciS 

.tale  mt,amolec„l.r  charge  transfer  (ICT)  in  e.g.  diethyl  ether  strongly  deaeases  with 
e„^n.g  rrng  sine.  With  P4C  in  d, ethyl  ether  fOT  does  not  occur.  This  is  attributedt 
couespondurg  increase  ,n  the  amino  nitrogen  inversion  barrier,  which  is  considered  to 
be  an  nnpor  ant  re^tmn  coordinate  in  the  lOT  process.  Similarly,  dual  fluorescence  and 
IS  absent  with  N4C,  an  l-ainiiio-l-cyano-naphthalene  with  a  d-membered  heterocyclic 
in^.  .Ihis  15  the  case  irrespective  of  solvent  polarity. 


<> 


CBQ 


On  the  b»is  of  these  results  and  other  experiments  treated  elsewhere  (1.2|,  it  is  suggested 
that  for  the  occurrence  of  ICT  and  dual  lluorescence  in  atninobennoiiilriles  two  require¬ 
ments  lave  to  be  tullfilledi  (1)  a  sutTiciently  small  energy  gap  AE(S,,S2)  between  two 
interacting  excited  states  (Si('t,)  and  SsfCT)),  and  (2)  the  presence  of  a  promoting 

wrlr!!  “ ■>'<'"  of  fl'o  %■  end  CT-states  is  reversed 
I  in  incieases  in  magnitude,  such  as  with  6-cyanobeii2oquiuuclidine  (CBQ) 

ua  lluorescence  no  longer  occur,.  Instead,  a  single  fluorescence  is  observed,  emitted  by 

the  now  lowest  5j(Cr)-state.  ^ 

ft  h  further  mgued  that  the  solvent-indnced  pseudo-Jahn-Teller  mechanism  causing  the 
ICT  aird  dual  fluorescence  in  4.(dimethylami„o)be„sonitrile  (DMABN)  and  related  mole¬ 
cules  does  not  operate  in  biar-yls  such  as  9,S'-bianth,yl,  where  the  thermodynamic  reaction 
requirements  are  similar  to  those  holding  for  exciplexes. 

[1]  W.  Schucldeboom,  S.  A.  Jonker,  J.  M.  VVarman,  U.  Leinhos,  W.  Kiihnle,  and  K.  A 
/.achanasse,  J.  Phys.  Chem.  (1992)  10S09. 

(2)  K;  a.  Zachari^,  Th.  von  dor  Haar,  A.  Hebedrer,  U.  Leinhos,  and  W.  Kiilmle,  Pure 

&  AppI.  Chem.  65  (1993)  1745. 
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DIPOLE-DIPOLE  AND  EXCHANGE  ENERGY  TRANSFER  IN  DIFFERENT  TYPES 

OF  PORPHYRIN  CHEMICAL  DIMERS 

F..Zenkcvicli.  A.Shul’ga,  AXhernook,  E.Sagun,  G.Gurinovich 
1  ttstitute  of  Molecular  and  Atomic  Physics,  Academy  of  Sciences  of  Belarus 
F.Scaryna  Avenue  70,  Minsk  220072,  Belarus 

Well-defiued  covalently  linked  molecular  assemblies  of  chlorophylls,  porphyrins  and 
otlier  reactants  are  very  suitable  objects  for  modelling  and  study  of  primary  photoprocesses  in 
vivo  such  as  electronic  excitation  energy  transfer  and  electron  transport.  In  this  report  we 
discuss  the  results  of  expeiimental  and  theoretical  investigation  of  energy  transfer  processes  at 
1 .8  -  300  K  in  chemical  dimers  of  poiphyiins,  chlorins  and  their  Me-complexes  (Zn,  Cu,  Ni) 
with  different  spacers  between  macrocycles  (-CH2  -CH2-  bond,  methyne  bridge,  phenyl  ring) 
which  luive  been  synthesized  in  our  laboratory.  Hie  main  conclusions  are  the  following: 

1.  Dipole-dipole  interactions  of  weak  Q-transitions  (V12  =6  11  cm*)  in  porphyrin 

dimers  lead  to  intraconyrlex  singlet-singlet  energy  transfer  (ET)  with  probabilities  F^=5  10* 
+4  10"'  s  *  without  quantum  losses.  The  effective  S-S  ET  is  essentially  temperature  dependent 
and  its  dynamics  at  77  --300  K  is  fully  described  by  Forster-  Galanin  theory  of  inductive 
resonance.  In  the  case  of  Zn-chlorin  dimers  the  splitting  of  B-  and  Q-bands  in  absorption 
spectra  is  due  to  excitonic  interactions  (Vi2=950  -  240  cm.'*)  between  macrocycles  at 
interceuter  distances  R=0.6  -1.1  nin. 


2.  For  Cu-cyclopentaneporphyrin  dimers  with  R=1.23  nm  the  exchange  triplet-triplet 
ET  is  realized  with  the  probability  value  F^=2 10®  s'*.  At  the  weakening  of  dipole-dipole 
interactions  (transition  to  free  base  cyclopentanepoiphyrin  dimers)  die  effective  exchange  S-S 
ET  takes  place  (F**®=10®  s'*).  In  hybrid  ethane-bisporphyrins  with  transition  metal  ion  Ni  in  the 
center  of  one  half  of  the  dimer  conformational  dynamics  of  macrocyles  around  -CH2  -  CH2- 
spacer  depending  on  temperature  and  solvent  nature  plays  the  essential  role  in  exchange  ET 
from  poiphyrin  macrocycles  to  low  lying  d-levels  of  Ni  ion  (F=10**  s'*).  For  such  type  dimers 
witli  Cu  ion  the  exchange  d-n  eflects  manifest  themselves  in  the  increase  of  the  intersystem 
crossing  probability  by  1-2  orders  in  the  covalently  linked  nabom. 

3.  On  the  basis  of  site-selection  and  hole  burning  experiments  for  symmetrical  ethane- 
bisj)orphyrius  at  1.8+51  K  it  has  been  demonstrated  that  pair  interactions  between  covalently 
linked  chemically  identical  macrocycles  in  the  conditions  of  their  essential  spectral  non- 
homogeneity  manifest  themselves  in  specific  spectral  effects:  the  narrowing  of  Q(0,0) 
fluorescence  band  in  comparison  with  monomeric  one,  the  splitting  of  fluorescence  excitation 
Q(0,0)  band  into  to  subbands  with  quasilinear  structure  and  the  dependence  of  the  hole  half¬ 
widths  on  the  excitation  wavelen^.  From  spectral  hole  burning  data  the  experimental 
probability  of  S-S  ET  is  estimated  by  the  value  F^^=10**  s'*.  It  has  been  shown  that  in  glassy 
matrixes  at  low  temperatures  (<70  K)  the  usual  calculations  of  spectral  overlapping  integrals 
according  with  inductive  resonance  theory  are  not  applicable. 

Certain  exjreriments  described  in  this  report  have  been  partly  supported  by  the 
Foundation  of  Fundamental  Investigations  of  Belarus  (No  Ph5-lll)  and  by  Grant  No  RW 
1000  fr  om  the  International  Science  Formdation. 
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ENERGY  AND  ELECTRON  TRANSFER  PROCESSES  IN  SELF-ORGANIZED 
PORPHYRIN  AND  CHLORIN  TRIADIC  AND  PENTADIC  COMPLEXES 

C.von  Borczyskowskii,  U.RempeP,  E.Zenkevich^,  A.Shul>ga^,  AXhernook^ 

’Uniyei-sity  of  Teclinology  Cheiimitz-Zwickau,  P.O.Box  964,  Chemnitz  09009,  FRG 
'Institute  of  Molecular  and  Atomic  Physics,  Acad.  Sci.  of  Belarus,  F.Scaryna  Avenue 
70,  Minsk  220072,  Belaius 

Inspired  by  the  determination  of  the  tliree-dimensional  architecture  of  photosynthetic 
reaction  centers  many  tetrapyrrole-based  synthetic  models  have  been  prepared  to  develop  an 
efficient  synthetic  catalyst  for  electronic  excitation  energy  transfer  and  photoinduced  charge 
se])aration.  Here  we  report  the  structural  and  optical  properties  as  well  as  the  regularities  of 
primaiy  photoprocesses  in  artificial  self-organized  trimeric  and  peutameric  complexes  formed 
by  two-fold  coordination  of  di-pyridyl  and  tetra-pyridyl  substituted  porphyrins  or  related 
molecules  with  Zn-porphyiin  and  Zn-cliloiin  covalently  linked  dimers  [(ZnTPP)2,  (ZnHTPP); 
(ZnOEP)2,  (ZnOECh)2]  having  various  spacers  (-CH2  -  CH2-  bond  or  phenyl  ring).  The 
systems  under  consideration  have  been  studied  by  use  of  steady-state  fluorescence  and 
absorption  spectroscopic  methods  as  well  as  a  fluorescent  picosecond  laser  setup  (At  =  30  ps) 

with  2-D  (wavelength-lifetime)  registration  in  methylcyclohexane  solutions  in  a  temperature 
range  fi:om  140  K  to  360  K. 

Spectral  transformations  of  Zn-dimers  absorption  upon  the  complexation  with  di-  and 
tetra-pyridyl  containing  7C=^coujugated  macrocycles  (red  shift  of  Q-  and  B-bands  up  to  Av=550 
cm  *  and  changes  of  the  relative  intensities  of  dimeric  Q(0,0)  and  Q(0,1)  bands)  are  due  to  the 
extia-ligation  effect.  The  putting  of  Zn-dimer  Soret  bands  (AE>600  cm  *)  and  appearance  of 
complicated  splitted  spectral  manifolds  with  Av^l900  cm  *  in  pentameric  complexes  are 
connected  with  excitonic  interactions  of  strong  resonant  B-transitions  of  jc-conjugated 
maciocycles.  Observed  exjrerimental  sphttings  are  compared  with  theoretical  calculations  on 
the  base  of  the  point  dipole  approxunation  and  computer-simulated  arclutecture  of  the 
complexes  under  consideration.  On  the  basis  of  absorption  and  fluorescence  data  at  different 
temperatures  and  various  ratios  of  interacting  components  the  complexation  constants  (Kc) 
have  been  estuuated  (K(;=210®  to  6' 10^  M  *  for  triads  and  pentads)  as  well  as  the  activation 
energies  have  been  evaluated  (Ea=0.6  -s-  1.0  eV). 

Wcosecond  time-resolved  ex{)erimeuts  reveal  that  fast  for-  and  backward  nouradiative 
S-S  energy  transfer  (  with  probabilities  of  >10"  s  *  and  ~10*“  s'*  correspondingly)  is  the  most 
essentia]  path  of  energy  deactivation  of  Zn-porphyrin  dimers  within  triads  and  pentads. 
Transitions  to  low-lying  charge-transfer  states  with  probabilities  of  order  10®+10®  s  '  are 
considered  as  an  origin  of  ligand  emission  quenchuig  within  complexes  in.  some  cases.  In  the 
case  of  [2(ZnHTPP)2+CuP(m-Pyr)4]  pentameric  complex  the  increasing  probabihty  of 
intersystem  crossing  (r>10'‘  s  ')  in  Zn-dimer  due  to  exchange  d-jc  effect  of  ligand  Cu  ion  and 
thermally  activated  (AE=460  cm')  energy  transfer  play  the  essential  role  in  electronic 
excitation  energy  deactivation  processes.  For  self-organized  porphyrin-quinone  tetrads  it  has 
been  shown  that  the  energy  transfer  is  faster  than  10  ps  and  is  thus  competitive  with  electron 
transfer  which  occurs  on  a  500  ps  time  scale.  Both  photoinduced  processes  within  the 
assemblies  are  strongly  dependent  on  temperature  and  solvent  polarity. 

Financial  support  of  tliis  investigation  from  Volkswagen- Stiff ung  (No  54753-61)  is 
gratefully  acknowledged,  certain  experiments  have  been  supported  by  the  Foundation  of 
Fundamental  Investigations  of  Belarus  (No  Ph5-lll). 
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RECENT  ADVANCES  IN  MECHANISTIC  AND  EXPLORATORY  ORGANIC  PHOTOCHEMISTRY. 

Howard  E.  Zimmerman 

Chemistry  Department,  University  of  Wisconsin,  Madison,  Wisconsin 

Our  recent  research  has  pursued  several  directions.  One  is  the  photo¬ 
chemistry  in  constrained  media,  this  includes  crystal  lattices  and  molecular 
spiderwebs  consisting  of  polymeric  matrices.  It  has  been  long  known  that 
photochemistry  in  crystalline  media  often  proceeds  differently  than  in  solution. 
With  the  exception  of  the  "Cohen  Proximity  Rule"  for  bimolecular  cycloaddition 
of  two  Pi  bonds,  theoretical  treatments  have  been  lacking.  Our  efforts  have  been 
both  experimental  and  theoretical  and  have  focussed  on  unimolecular  rearrange¬ 
ments.  For  a  variety  of  reactions  the  experimental  behavior  has  proven  to  be 
understandable  on  a  quantitatiy,e  basis. 

Least  motion  at  the  "branch  point"  of  a  reaction  is  controlling  in 
polymeric  media  while  reactant  motion  in  crystal  lattices  is  best  understood 
quantitatively  on  the  basis  of  possible  motions  and  energy  change  in  the 
irregular  crystal  lattice  cage.  Least  motion,  overlap  measurements,  and 
molecular  mechanics  on  such  imbedded  molecules  --  are  described.  Not  only  can 
one  predict  the  direction  of  reactivity  in  a  given  crystal,  but  also  one  can 
predict  when  a  crystal  lattice  will  inhibit  reaction.  When  a  reaction  does 
occur,  the  reaction  course  corresponds  to  (a)  minimum  overlap  of  the  transition 
structure  with  the  surrounding  lattice,  (b)  least  motion  of  the  reactant 
molecule  in  proceeding  to  the  transition  structure,  and  (c)  minimum  energy  of 
the  geometry  optimized  transition  structure  in  the  host  crystal  lattice. 

In  other  efforts,  we  have  investigated,  experimentally  and  theoretically, 
the  behavior  of  1,4-  and  1,3-diradical  species  involved  in  the  Di -n-Methane 
rearrangement.  Independent  generation  of  some  of  the  species  along  different 
reaction  coordinates  establishes  these  as  thermally  equilibrated  intermediates. 
Evidence  is  presented  for  two  triplets  {T1  &  T2)  for  naphthobarrelene  as  well 
as  for  the  cyclopropyl dicarbinyl  intermediate. 
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In  connection  with  our  research  on  diradicals,  we  have  investigated 
'  ,)let  hypersurfaces  at  an  ab  initio  level.  For  the  rearrangement  of  barrelenes 
n  turned  out  that  the  energy  minima  corresponding  to  the  two  di radicals 
intrude  on  the  SO  iiypersurface  equally.  Yet  the  evidence  is  that  only  one  of 
the  two  T1  diradical  minima  is  utilized  in  intersystem  crossing  to  ground  state. 
Spin-orbit  coupling  computations,  however,  account  for  the  differing  rates  of 
ISC.  Furthermore,  a  dissection  of  spin-orbit  coupling  into  local  contributions 
has  been  developed,  thus  permitting  one  to  analyze  the  source  of  the  overall 
effec';. 
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mprovement  of  Hydrogen  Generation  hy  surfacp  mndificatinn  of 

semiconductor  elerfrnHp 

-  ^bdel  Fattah.  ,  S.  Aly 

H igher  technological  Institute 
10^^  of  Ramadan 


Abstract 

The  improvement  of  hydrogen  evolution  from  two  different  types  of 
catalyst  p-type  photo  cathodic  surfaces  has  been  examined,  p-type  Si  has  been 
platinized  by  photo-electrochemically  plating  on  to  the  Si  surface.  Such  a 
photo  cathode  shows  significant  improvement  (compared  to  naked  p-type  Si) 

for  photo  chemical  H2  evolution  with  respect  to  output  photo  voltage  and 
overall  efficiency. 

A  second  kind  of  H2  evolution  catalyst  has  been  confined  to  the  surface  of 
p-type  Si. 

Nickel  have  been  confined  to  the  surface. 

Such  a  surface  is  again  significantly  improved  compared  to  naked  p-type 
Si  with  respect  to  H2  evolution. 

Experiments  with  different  conditions  confirm  an  important  difference  in 
the  mechanism  of  H2  evolution  catalysis  for  the  two  surface  catalyst  systems. 
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A  model  for  the  current  -  voltage  curve  of 
photo-excited  silicon  electrode 

H.  Abdel  Fattah.  .  S.  Alv 

Higher  technological  Institute 
IQth  of  Ramadan 


Abstract 

A  model  to  describe  the  behavior  of  photo-excited  electrodes  in  a 
phoioeleciiochemicalcell  (PEC)  is  developed.  In  addition  to  the  bulk 
semiconductor  properties,  the  important  parameters  are  the  charge  transfer 
rate  constant  at  the  interface  across  the  interfacial  barrier,  the  surface 
recombination  rate  constant  and  the  bulk  recombination  rate  constant. 
Using  experimental  curves  for  hydrogen  evolution  at  p-type  Si  electrode 

show  that  the  I-V  curve  in  cathodic  bias  is  controlled  by  the 
competition  between  the  above  factors. 
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Formation  of  1 . 1-Dimethy  I  -y-Cyanine  Iodide  From 
Quinaldinium  Methiodide  under  Solar  and  Ultraviolet 

Illumination 

F.  M.  Abd  El-Latif  M.  A.  Barsy  and  M.  Z.  A.  Badr 
Chemistiy  Department.  Aswan  Faculty  of  Science.  Aswan.  Egypt 


Quinaldine  methiodide  has  been  photolysed  in  ethanol  and  in  aqueous 
solution.  1  -Methy  1-1 .2-dtliydroT(  1  -methy  I  - 1 .2-dihydro-2-quinolinyliden)- 
2-quiuoline  iodide  has  been  obtained  in  low  yield  upon  photolysis  using  a 
higli  pressure  mercury  vapour  lamp,  as  well  as  by  sunlight  iiradiation. 
Sleady-state  photolysis  has  been  carried  out  in  ethanol,  water  and  EPA  at 


room  temperature  and  77k.  The  mechanism  and  spectral  data  will  be 


discussed. 
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FLUORESCENCE  PROPERTIES  OF 

emodine  derivatives 

Atef  Mohamed  Amer 

Chemistry  Depiirtment,  Faculty  of  Science, 

Zagazig  University,  Zagazig  -  Egypt. 


properties  of  emodine  derivatives,  such  as  3-methyl- 

l,6,8-triliydroxyanthracene-9,dt)-diorie,  3-bromomethyl-l,6,8-triacetyl- 
oxyanthracene-9,10-dione;  J  ,3,8-trihydroxy-6-octyloxymethyl  anthra¬ 
cene-9,  JO-dione;  3-hexadecycloxymethyl-l,6,8-trihydroxy-anthracene- 
9, 1 0-dione;  3-(2,3-diiiydroxy  propoxymethyl)-!  ,6,8-trihydroxyanthra- 
cene-9,10-dione  and  w-triethyleneglycolyl-emodine  has  been  discussed. 
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OPTIMIZATION  OF  METAL  THICKNESS  USED  IN 
SCHOTTKY  BARRIER  SILICON  SOLAR  CELL 


A.H.  Moharram  and  M.M.  Hafiz 


Physics  Department,  Faculty  of  Science 

Assiut,  Egypt. 


Assi ut ,  University, 


Abstract 

Experimental  results  are  reported  con¬ 
cerning  the  barrier  metal  thickness  effects 
on  the  performance  of  the  Schottky  barrier 
solar  cells,  which  were  fabricated  using  a 
semitransparent  Cr-Cu-Cr  barrier  metal  layer 
on  P-type  Si  single  crystal .  The  ideality 
factor-, and  the  barrier  height  of  the  devices 
doesn’t  show  any  change  with  the  Cu  layer 
thickness.  The  results  are  in  agreement  ; 
with  the  Auger  Electron  Spectroscopy  inves¬ 
tigations,  This  work  proved  that  there  is 

no  Cu  diffusion  into  the  Si  substrate  in  these  ' 
structures. 
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OPTICAL  STUDIES  OF  SOME  DYES  AS  LUMINESCENT  SOLAR 

COLLECTORS 


A.  F.  MANSOUR 

PHYSICS  DEPARTMENT,  FACULTY  OF  SCIENCE,  ZAGAZIG  UNIVERSITY, 

ZAGAZIG,  EGYPT 

Spectroscopic  characteristics  of  Rhodamine  B  (RB)  and  Rhodamine  6G  (R6G)  used  as 
luminescent  solar  concentrators  (LSC)  have  been  studied.  The  high  photdstability  of  RB 
dissolved  in  Triton  X- 100  plus  10%  ethanol  in  outdoor  tests  could  serve  as  suitable  liquid 
solution  LSG.  RB  and  R6G  dopped  in  polymethylmethacrylate  (PMMA)  gave  good 
stability  in  outdoor  tests.  The  results  are  compared  with  others  set  of  measurements  on 
some  commercially  available  dyes  used  as  LSC. 
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study  of  the  Incoming  Infra-Red  (IR) 

Solar  Radiation  at  Cairo, Egypt 

by 

A.A  .  TRABEA  and  A.L  SALEM 

Physics  Department,  Faulty  of  Education  El-Arish  branch  Suez  Canal 

Unversity,  Egypt. 

Physics  Department ,  Faulty  of  Science  Zagazig  Unversity,  Egypt 

Abstract 

Measurements  of  incoming  monthly  Infra-Red  (IR)  solar  radiation 
were  Carried  out  at  Cairo  for  three  years,  period  from  1990  to  1992.  Hourly 
dafa  for  coinplet  one  year  were  also  measured,  using  Epply  Pyer«<3eometer, 
by  the  Egyption  Meteorological  Authority.  Global  and  diffuse  solar  radiation 
Were  recorded  for  the  same  period  using  Epply  Pyranometer.  all  the 
meteorological  parameters  were  also  collected  for  the  same  period  and 
site.  These  data  were  treated  using  an  advanced  computer  program  to 
obtain  the  numerical  values  of  the  regression  and  corrlation  coefficients 
relating  the  incoming  IR  radiation  with  the  other  meteorological  weather 
parameters  such  as  Screen  Temperature  (T),  Water  Vapour  Pressure  (e), 
and  Surface  Clouds  (SC).  A  recommended  correlation  equations  were  also 
found.  The  ratio  of  the  IR  to  the  global  solar  radiation  (IR/G)  ranged  between 
4.4%  in  winter  and  2.7%  in  summer. 

Our  recommended  correlation  equations  can  be  used  with 
confidence  to  calculate  the  IR  fraction  of  solar  radiation  ,from  easily 
measured  weather  parameters,  which  is  important  for  many  agricultural 
and  Engineering  applications. 
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STUDIES  ON  ANODIC  DISSOLUTION  OK  SILICON  ELECTRODES  IH 
KI.UORIDE  MEDIA  IN  DARKNESS  AND  UNDER  ILLUMINAI  ION 

Hnnuly  H.  HASSAN**  J,-L.  SCIJLF0RT\  B.  FOTOUIIl*.  M.  NEVMANN- 
SPAl  -1  i  ART*  and  M.  ETMAN’ 

1.  Laboratoirc  d'Electrocliimic  ties  Interfaces  du  CNRS, 

1,  PI.  A.  Brland  92195  Mciidon  CWex 

2.  Laboratoirc  de  Physique  (Ics  SoUdes  du  CNRS, 

1,P1.A.  Bi  iand  92195  Meudon  CTdcx 

FreUminary  results  obtained  by  Mr  HASSAN  have  been  already  the  subieci  of  a  previous 
communication  in  the  2nd  Meeting  of  this  congres  in  januaiy  1993.  New  interesUng  results 
will  be  presented  in  this  Meeting.  With  the  new  results,  Mr  HASSAN  has  confirmed  that 
the  anodic  dissolution  process  of  p-  Si  in  fluoride  media  is  a  mixed  controlled  process. 
Koutccky-Levlch  analysis  allowed  the  separation  of  the  kinetic  and  diffusion  conhibulion 
in  the  measured  current.  Wldlc  for  low  nominal  fluoride  concentrations  the  process  was 
revealed  to  be  mainly  kinctically-conlrollcd,  for  high  fluoride  coneenlrulions,  iUs  mainly  a 
diffusion  controlled  one,  There  is  a  critical  nominal  lluoride  conc  entration,  Cp  ,  for  which 
kinetic  and  diffusion  contributions  arc  of  equal  importance,  Thi.s  critical  concentration 
depends  on  pH,  rotation  rate  and  electrode  potentiu)..  Contrary  to  the  kinetic  current,  the 
diffusion  current  .seems  to  be  almost  constant  for  polarizations  higher  than  the  potenlicl  of 
the  generation  of  porous  silicon  corresponding  to  tlie  cunenl  Jj  on  the  typical  current- 
potcntiai  charactcrlsilcs  (repreKcmcd  In  the  leetuie)  and  w,  m  pll  in  the  range  ef 

0  <  pH  <  4. 

For  low  Cp  values,  while  the  diffusion  current  varies  proporlionnaly  to  Cp^  lire  kinetic  and 
measured  current  change  proportionally  to  Cp^*  (  with  a  =  2-2,5).  At  limiting  Cp  values, 
deviations  from  these  relations  towards  lower  Cj.’  exponents  appear.  The  limiting 
concentration  values  are  higher  for  J3  and  J4  than  for  J]  and  i2- 

The  clTcct  of  alkali-metal  and  some  quaternary  aimnonium  cations  on  the  anodic 
dissolution  of  p-Si  in  fluoride  media  has  been  also  studied.  Dissolution  current  has  been 
noticed  to  depend  considerably  on  the.  nature  of  the  supporting  electrolyte  and  the  influence 
was  revealed  to  be  mainly  due  to  cations.  The  measured  current  was  found  to  increase  in 
the.  order: 

I.i  <  Na  <  K  <  Rb  <»  €s 


NBu4<.  NRt4  <NMc4  <NH4 

While  tlie  diffusion  current  seems  not  to  be  sensitive  to  cations,  kinetic  current  appears  to 
change  considerably  and  leads  to  an  important  increase  of  the  critical  fluoride 
concentrations,  Cp*,  from  Cs  to  Li,  for  a  given  pll. 

When  n-Si  electrodes  aie  concerned,  holes  are  the  minority  can  ier.s  and  silicon  dissolution 
will  he  accelerated  when  the  reversely  biased  interface  is  illuminated,  The  rate  determining 
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step  for  Ml  clccirochemical  dissolution  process  is  dctei  mined  either  by  cliargc-lffttisfer 
process  or  by  muss-tiansiHul  uvvv>«vliikg,  to  the  mimbcr  of  holes  available  at  the- 

electrode  suifaee.  If  only  few  holes  are  available  at  the  electrode  surface,  the  ti-ench  lips, 
arc  more  eflective  in  collecting  them  and  the  trench  growth  is  favoured,  even  if  initially  the 
electrode  was  smoothly  polished.  In  this  ease,  the  rate  determining  step  is  the  ehurge- 
tmnsfer  process. 

In  the  case  of  high  light  inteirsity,  the  trench  will  be  less  effective  in  collecting  holes  than 
the  electrode  interface  docs.  The  etch  rate  inside  a  trench  is  then  smaller  than  the  etch  rate 
of  the  surface  ;  only  in  this  case,  the  electrode  surface  will  be  flat  after  some  time  and 
favour  the  rapid  passage  of  holes.  This  effects  is  utilized  for  smoothing  out  surfaces  and 
contributes  to  excellent  electropolishing.  The  rate  determining  step  is  the  mass-tran.spor( 
process. 


INI  KREST  of  impedance  SPECI  ROSCOP^  TFXIINIQIJES  FOR 
CORROSION  MECHANISM  INVEST  CATIONS 

J..L.SCDLrORT\  M  NEUMANN-SPALLART^  and  M.ETMAN* 

^Laboratoire  d’Etecirochimle  des  Interfaces,  C.N,R,S, 

1,  PL  A.Briand  92193  MEUPON  CEPEX,  France 

^Laboratoire.  de  Physique  dcs  SoUdes,  C,N.R.S. 
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Impedance  of  a  given  system  coi  responds  lo  a  relation  between  the  output  response  and 
the  perturbing  input  signal,  lire  perturbing  signals  could  be  galvanoslntic,  potentiostatic, 
hydrodynamic,  optic,  etc...  and  can  be  imposed  either  as  a  pulse  or  as  a  sinusoidal  wave. 
The  response  of  the  perturbed  system  then  appears  as  transient  or  stationary  signals. 

Chemical  and/or  electrochemical  processes  are  clmractoi/'ed  by  one  or  more  time 
constants,  llro  associated  responses  depend  on  the  frequency  of  the  imposed 
pc|1,Hi1>ation  sources.  The  impedance  techniques,  contrary  to  the  steady-state  ones,  lead 
to  information  on  all  occuring  processes  either  in  the  bulk  of  liquids  or  solids  or  at  the 
solid/liquid  interlace  whatever  the  nature  of  the  studied  material  is. 

The.  ft(1vanl.<teaR  of  imiwinnnfl  lechniquos  are  iiiimfir(Ui.s.  One  of  the  o.ssnnlifil  ndvfinifigo 
concerning  pulse  imjredance  technique  consists  in  dljlaining  in  a  very  short  tin>e,  (lie 
rcsi>onsc  of  the  system  in  a  very  large  domain  of  frequency.  Impedance  teoluiiqucs  arc 
particularly  interesting,  in  studying  mass-transport  processes,  roughne.ss  probleins  and 
corrosion  phenomena  of  semiconductor  electrodes  in  darkness  and  under  illumination 
with  wliitc  or  inonocluoinalic  light. 

In  the  particular  case  of  semiconductor  electrodes,  complex  behaviours  are  oUen 
associated  with  the  occurrence  of  surface  stales  in  Ure  forbidden  gaji.  Thus  the 
utilization  of  Opto-elecliic  and  Elcclro-oplic  impedance  techniques  becomes  important. 
As  au  cxcmplc,  IR  absorption  response  provides  detailed  information  on  the  nature  of 
llie  charge  being  displaced  upon  potential  modulation  (free  carriers  or  surface  states), 
rhe  concentration  of  free  cwriers  near  the  interface  may  also  be  probed  by  the  surface 
conductivity  measured  at  different  frequencies  (optical,  microwave  or  d.c). 

hi  all  cases,  interpretation  of  inqiednnce  spectra  needs  obligatoiy  the  utilization  of 
theoretical  models  based  on  equivalent  electric  circuits  including  simple  dipolar 
elements.  Making  use  of  resulting  experimental  data  can  be  realized  through  different 
representations  sucli  as  for  example  :  Nyquisl,  Bode,  Cole-Cole,  Fourire  Iravisforni 
(Laplace)... 

experimental  data  obtained  by  different  techniques  and  the  use  of  the  maximum 
po.ssible  repre.senUUions  are  necessary  for  a  serious  analysis  in  view  ol'  the  detection  of 
intermediate  stepis  occuring  in  the  overall  proce.ss.  Tlie  importance  of  the 
complementarity  of  those  different  techniques  and  different  representations  of  data 
obtained  will  be  elucidated  in  the  lecture. 


Modelling  diffuse  solar  radiation  using 
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three  different  approaches 
M . ABDEL  WAHAB* , F . M . EL-HUSSAINY*  * , A . B . MAYHOUB*  *  * 

AND  K.S.MOHMED*** 

ABSTRACT 

Diffuse  solar  radiation  "D"  is  difficultly  modeled  in  solar 
energy  application.  Three  different  methods  will  be  used  to 
simulate  this  component  and  its  variability  due  to 
scattering  and  absorption  by  particles  in  the  atmosphere. 
The  proposed  methods  where  compared  with  the  measurements, 
the  ratio  of  diffuse  component  to  direct  one  was  found  to 
vary  with  wind  direction  in  a  manner  such  that  greater 
tuibidity  is  found  with  southwest  winds  rather  than  other 
directions.  It  was  found  that  the  gain  in  "D”  is  associated 
with  increased  turbidity  compensates  for  the  attenuation  of 
direct  radiation  by  an  amount  that  varies  from  58%  to  70%  . 
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Current  Flow  In  CdS/Si  Hetero junct ion  Solar  Cell 

Mahmoud  Fathy  Hassan 

Military  Technical  College,  Cairo, Egypt. 

Solar  cell  made  of  a  p-Si  crystal  on  which  deposited  thin  layer  of  In -doped 
CdS  has  been  investigated.  The  CdS  forms  an  efficient  optical  window  for  the 
solar  spectrum  as  it  has  a  wider  band  gap  and  lower  refractive  index  than 
silicon.  The  hetero  junction  formed  of  n-CdS/p-Si  has  been  studied  taking 
account  the  nonuniformities  in  both  doping  and  band  structure  as  well  as 
the  small  lattice  mismatch  between  the  two  materials.  The  study  include 
the  space  charge  and  the  interface  states  and  its  effects  on  the  electrostatic 
potential.  Non -equilibrium  conditions  have  been  assumed  and  all  current 
components  are  considered.  They  are  the  tunneling  current,  the  interface 
current,  the  diffusion  current,  the  generation -recombination  current  and  the 

photogenerated  current.  The  study  shows  that  none  of  the  current  components 
dominates  ,  so  all  components  are  included.  The  maximum  efficieny  of  the  solar 
cell  could  be  achieved  for  the  thicker  CdS  film  and  larger  cell  area. 
Comparsion  with  experimental  results  shows  a  satisfactory  agreement. 


Dye  Photosensitized  Oxygenation  Of  Some  Quinones 

By 

M.  F.  Zayed,  Y.  O.  El-Khoshnieh  and  F.  A.  Gad 

National  Research  Centre,  Dokki,  Cairo,  Egypt 


The  photosensitized  oxygenation  of  4,  7-phenanthroline-5,6”quinone 
(I)  in  presence  of  methylene  blue  resulted  in  the  formatioin  of  products 
whose  nature  depended  on  the  experimental  conditions.  In  benzene,  3,3  - 
bipyridyl-2,2'-dicarboxylic  anhydride  (II)  (40%)  and  5-phenoxy-6- 
hydroxy-4, 7-phenanthroline  (HI)  (20%)  were  produced.  In  methanol,  3,3’- 
bipyridyl-2,2’-dicarboxylic  acid  monomethyl  ester  (IV)  (60%)  and  5,6- 
dihydroxy-4,7-phenanthroline  (V)  (10%)  were  produced. 

Structural  reasoning  for  the  compounds  produced  in  these  reactions 
was  based  on  analytical  and  spectral  data.  A  mechanism  accounted  for  the 
formation  of  these  compounds  is  given. 
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